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Halophilic bacteria have long been recognized by bacteriologists
as a very distinct group of bacteria which require certain amounts of
sodium for optimum growth. Most of the early studies on halophilic
bacteria dealt with the extreme halophiles, especially the rod forms
'including Halobacterium salinarium, H. halobiurn and H. cutirnbrum. In
comparison with the halophilic rods, little work has been done with the
halophilic cocci. It has been known that the extreme halophilic cocci
require relatively specific high salt concentrations up to saturation
for growth. On the other hand, the moderate halophilic cocci have been
reported to grow over a much wider range though lowered salinities.
So far, only a few moderately halophilic rnicroco cci have been identified
and their nutritional requirements studied. In order to better under-
stand the nutritional requirements of the moderately halophilic micro-
cocci, and the effects of temperature and salinity interaction on their
.grwoth, a study was undertaken, which formed the basis of this thesis.
The purposes of this study are:
1). To determine the nutritional requirements of four moderate halo-
philic and halotolerant strains of Micrococcus isolated from soy
sauce mash and from marine environment.
2). To develop chemically defined media for these bacterial strains.
3). To find out the optimum concentrations of sodium required by each
strain grown under specific temperatures.
4). To determine the effects of salinity and temperature on the growth
of these strains by studying their growth characteristics.
5). To reveal the effects of salinity and temperature interactions on
the amino acid uptake and protein synthesis of one selected strain,
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Micrococcus varian var. halohilus.
6). Potassium, lithium and cesium have been reported to spare
certain functions for Na+ in marine bacteria. It was desirable
to find out whether such ionic sparing effect could also be
detected in these micrococci.
7). To find out the effects of salinity and temperature interactions
on the intracellular potassium concentrations of the halotdlerant
strain, M. morrhuae K17, and the halophilic strain, M. varians
var halophilus.
8). Laotly, the nutritional effect on pigment production in one of
the strains was also studied.
II. LITERATURE REVIEW
II. Literature Review
A. Definition of Halophilic Bacteria.
B. Early Studies on Halophilic Coccia
C. Effects of Salinity and Teinperatute on the Growth of
Halophilic Bacteria.
1) Ionic Sparing Effect on Bacteria Growth.
2) Effect of Extracellular Ionic Concentration on
Intracellular Ionic Content.
3) Effect of Temperature on Salinity Range of
Halophilic Bacteria,
4) Effects of Salinity and Temperature on Protein
Synthesis.
D. Nutritional Requirements of Haloph:ilic Cocci
E. Nutritional Effect on Pigment Production in Micrococcus.
3A. Definition of Halo hilic Bacteria
The word halophile is derived from two Greek words, "halos
and "philus" meaning, respectively, "salt" and "loving". Halophiles
are, then, salt-loving organisms and they thrive in relatively high
concentrations of salt (NaCl). The presence of large amounts df salt
in the environment inhibits the growth of most familiar microorganisms. Hill &
White (1929) was the first to propose that differences in sensitivity
to sodium chloride might be important in bacterial classification and
he used the requirements of sodium chloride as a criterion. to separate
certain gram-positive cocci from the gram-negative bacilli. Different
groups of bacteria require different minimum and optimum salt concen-
trations for growth (Simidu, 1968). An organism is described as halo-
philic if it grows best in concentrations of NaCl higher than the normal
physiological concentration (0.9%) of salt (Bayley, 1971), However, one
finds in the literature many conflicting reports and proposals concern-
ing the definitions of various categories of halophilic bacteria.
By using 10% sodium chloride as a criterion, Schoop (1935)
divided bacteria into. three groups, the non-halophiles, facultative
halophiles and obligate halophiles. Spruit & Pijper(1952) later proposed the
new genus Halobacterium for the extreme halophilic rod-shaped bacteria
which include all pigmented (red carotenoids) rods isolated from salt
or salt products, which grow in not less than a 12% salt medium.
Baxter (1959) described those bacteria that grew over a much wider range of
NaCl concentrations ranging from 1 to 20% as moderate halophiles.
Flannery (1956) classified. the nonhalophiles into salt-sensitive and
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salt-tolerant forms, and the halophiles into facultative and obligate
forms based on their growth responses in media containing various con-
centrations of NaCl. Those grewigonly in media containing less than 2%
NaCl were the salt-sensitive forms while those grew best in this NaCl
concentration but would grow in media containing more than 2% NaCl were
the salt-tolerant forms. Those which grew in media containing less than
2% NaCl but would grow in media containing more than 2% NaCl were
facultative halophiles, and those grew only in media containing more than
2% NaCl were obligate halophiles. Larsen (1962) further subdivided the
halophilic bacteria into several categories: (a) Slightly halophilic
forms--bacteria which grow best in media having 2-5% NaCl; (b) Moderately
halophilic forms--bacteria which grow best in media containing 5-20%
NaCl and (c) Extremely halophilic forms--bacteria which grow best in
media containing 20-30% NaCl. Later, Larsen (1962, 1967) assigned the
terms "halobacteria" and "halococci" for the halophilic bacteria based
on morphological characters. The halobacteria are the rods or irregular
in shape, Gram-negative, and lysis of cells occurs when exposed to
hyptonic solution. They grow optimately in media containing about 25%
NaCl and a minimum of 12-20% of NaCl is required for growth to occur.
The halococci are coccoid in shape. They do not display the lysis
.phenomenon in hypotonic solution. Their optimum growth range is 20-25%
NaCl and they require at least 5-15% NaCl for growth, On the other
hand, halotolerant bacteria are being defined as those which apparently
do not require NaCl for growth but may grow in NaCl concentrations up
to 10% or more (Kushner, 1968). Gibbons(1969) regarded halophiles as
organisms which required more than 3% NaCl for growth as based on the
upper and lower limits of salt required for growth and without under-
lying metabolic mechanism into consideration. He also defined moderate
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halophiles as organisms which grow in the presence of NaCl concentrat-
ions ranging from 3 to 15% and the extreme halophiles grow only in media
containing 15% or more NaCl (Baxter anal-Gibbon, 1959; Gibbon, 1969).
The definitions of various categories of halophilic bacteria proposed
by Lanyi (1974) are more critical and detailed. He collectively labeled
the extremely halophiles as not only tolerant but require NaCl concen-
trations from 10 to 15% for survival, and optimal growth is often obtain-
ed only when more than 20% of NaCl is present. Compared with extreme
halophiles, moderate halophiles are less unusual organism. Although
several species are known, many others probably remain to be discovered
among the salt-tolerant bacteria or other marine organisms (Kushner,
1968, 1971). Also, compared with the extreme halophiles, the moderate
halophiles can grow optimally over a much wider range of NaCl concentrations
ranging from 3 to 20% (Wydeo & Kushner, 1975). Brown (1976) pointed out that
moderate halophiles require or tolerate salt at concentrations from 1 to
1.5 M. However, certain strains of the non-halophilic genus Staphylo-
coccus is well known for their wide ranges of salt tolerance, although
in no sense are those bacteria halophilic (Forsyth, 1970).
Based on all available information and justification appear in
the literature, the definitions of various types of halophilic bacteria
can be summarized in Table 1.
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Table 1. Summary on the definitions of various categories of
halophilic bacteria
Source Categories Salinity-range
nonhalophileSchoop (1935) <10% NaCl
obligate halophile >10%
facultative halophile <10% - >10%
Spruit (1952) extreme halophile 12%
Baxter (1959) moderate halophile 1-20%
Flannery (1956) salt sensitive bacteria <42%
salt tolerant bacteria grow best in >2%
facultative halophile 2% - >2%
obligate halophile >2%
Larsen (1962, 1967) slightly halophile grow best in 2-5%
moderate halophile grow best in 5-20%
extreme halophile grow best in 20-30%
halobacterium grow best in 25%
minimum growth in 12-20%
halococcus grow best in 20-25%
minimum growth in 5-15%
Kushner (1968) halotolerant bacteria 0-10%
Baxter and Gibbon halophile
minimum growth in 3%
(1956)
Gibbon (1969) moderate halophile 3-15%
extreme halophile >15%
Bayley (1971) halophile >0.9%
Lanyi (1974) extreme halophile minimum growth in
10-15%
optimal growth with>20%
moderate halophileWydro & Kushner (1975) 3-20%
require or tolerate-5-8moderate halophileBrown (1976)
7B. Early Studies on Halojhilic Cocci
Most of the early studies on halophilic cocci dealt with
organisms associated with solar salt and food-preservation, especially
those on salted stock fish. Kellerman (1915) was one of the first
microbiologists who isolated and studied Micrococcus litoralis which
caused red deterioration of salted cod fish. Petrova (1935) showed
that the highly pleomorphic organism from red salted fish was identical
with Micr. ococcus roseus. Shewan (1937) obtained from salted fish a
coccus related to Micrococcus morrhuae. Venkataraman and Streenioashn
(1954) isolated an organism from salted mackerel which they designated
as Micrococcus sp H5. This organism was deposited in the culture collect-
ion of the National Research Council of Canada as an extreme haloph ile.
Later, Novitsky and Kushner (1974) re-define it as a facultative halo-
Lphile after re-exam i_n_inlg its growth response to different salt con-
centrations. However, it is still doubtful whether this strain belongs
to the genus Planococcus. This seems as the truth in Micrococcus
halodenitrificans. This gram-variable bacteria has tentatively been
placed in the genus Plaracoccus (Gibbon, 1969). Buck (1965) isolated
a salt-tolerant coccus from decomposing starfish, which was assigned to
a new species called Micrococcus halodurans. Onishi and Kamekura (1972)
isolated a moderate halophile, Micrococcus halobius, from unrefined
solar salt. Later, they reported another moderate halophile isolated
from soy sauce mash as Micrococcus varians var. halophilus.
C. Effects of Salinity and Temperatureon the Growth of Halo hilic Bactera.a
In nature, there exists many salt-rich habitats, e. g. the
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oceans, salt marshes and salt lakes, floral sectaries and concentrated
plant saps. Each habitat has its characteristic ecology and microbial
flora.
The effects of solutes on the growth of microorganisms in a
medium are determined by their effects on the availability of water to
the cells suspended in the medium. Whether or not ar solute influences
a cell directly, it utilizes some of the water that the cell needs.
That is why the level of Na+ in a medium affect both the rate and extent
of cell growth (MacLeod, 1957). The relative availability of water in
any solution is best expressed in terms of "water activity", aw, defined
where p = the vapour pressure of the solution andas aw=
po that of the solvent; nl and n2 are the number of moles of solute and
solvent respectively (Kushner, 1971). The lowest aw at which cells can
grow is greatly influenced by three factors, namely the growth temperat-
ure, the availability of oxygen and the environmental conditions such as
pH and nutrient supply. Marked flunctuations in the levels and kinds
of nutrients, the temperature, and salinity are normally found in
estuarine environments. These changes occur principally as a result of
fresh-water intrusions, tidal exchanges, evaporation, seasonal variations,
and diurnal isolation. Moreover, imposition by man of thermal, fecal,
and industrial wastes also greatly affected the environmental conditions
(Morita et al., 1976).
1) Ionic Sparing Effect on Bacterial Growth
Like other living cells, marine bacteria require K+ for growth
(Lester, 1958; Perry, 1961; MacLeod, 1965). The requirement for K+
could be neither spared nor replaced by Rb+, Cs+ is proved to be inhibit-
ory for the growth of certain marine bacteria, and this inhibitory
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effect can be overcome by adding sufficient K+ into the medium (MacLeod
and Onofrey, 1956; Payne, 1960 Tyler et-al., 1960). On the other hands,
Dianova (1935), Rhodes (1966) and MacLeod (1965) found that Na+ salt
were obligately required for the growth of all marine isolates and
the requirement of Na+ cannot be replaced by equimolar amounts of K+
salts. The levels of Na+ required for optimum growth is considerably
higher than those of other inorganic ions involved in bacterial nutrition(Mac-
Leod & Snell, 1947). To most marine bacteria, it is found that only about
one one-hundredth as much K+ as Na+ is needed; Li+, Rb+ and Cs+ showed
as capacity to replaced Na+ for growth. However, K' exhibits a very slight
sparing action at suboptimal conc. of. Na+ (MacLeod and Onofrey, 1957).
This finding indicates that the requirement for Na+ by marine bacteria
is highly specific. On the contrary, Pratt & Austin (1963) found that a no.
of salts could greatly reduce but not eliminate the requirement for Na+
by a marine Vibrio. A considerable proportion of salt requirement is
needed to satisfy the osmotic demands. NaCl and LiCl are more effective
than KC1 or NH4C1 in preventing lysis in marine bacteria. Rhodes et a1(1966)
also showed that the elevated extracellular K+ functioned to increase
diffusion of the substrates into the cells. Whereas those substances
that were not able to enter in this way were transported by mechanisms
activated by Na+.
In extreme halophiles, the requirement for potassium is only
slightly higher (about 2 mM) than that reported for many other organisms.
This is particularly noteworthy in view of the fact that their intra-
cellular K+ concentration is extremely high (Larsen, 1967). Brown and
Gibbons (1955) were probably the first ones to show that the sodium
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requirement of extreme halophiles was highly specific which could not
be replaced by any other salts. It is found that growth does not
occur when the NaCl concentration falls below 3.0 M. This minimum
NaCl concentration can be lowered to 1.5 M if the NaCl is partially
replaced by KCl; however growth does not occur with 1.0 M NaCl even
with saturated KC1 in the medium (Brown and Gibbon, 1955). Abram and
Gibbon (1961) reported that the effects of monovalent cations on the
growth of halophiles might be looked at in terms of changes in viability
or optical properties of the cell suspensions. Various cations cause
changes in Halobacterium cutirubrunn. With potassium chloride solution,
there is an initial plateau as the KCI concentration is lowered, follow-
ed by a drop in optical density. Similar results are obtained with
lithium and ammonium chloride with the declines in optical density occur
more rapidly. However, declines in growth can be prevented by the addit-
ion of cation ions and the effectiveness of the cations is shown in the
following descending order, Na+>Li+>Rb+>K+>NH4+>Cs+.
Robinson (1950, 1952) reported that other salts can substituted
for sodium chloride in a moderate halophilic bacterium, Vibrio costicolus,
but the replacement is not possible with another moderate halophilic
coccus, Micrococcus halodenitrif icans. One finds in the literature that
most of the reports on sparing action of other ions for Na+ deal with
the marine bacteria. On the other hand, studies with the facultative
or the moderate halophiles which have wider ranges of NaCl requirements,
have not been pursued actively.
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the salt concentration in the medium (Gibbon and Baxter, 1953.
Christian, 1956 Christian and Ingram, 1959).
Generally, the internal salt contents of moderate halophiles
are less than those in the external. environment (Masui and Wada, 1973).
Only one exceptional case has been reported by Shindler et al. (1977).
These workers found that in a moderate halophile, Vibri o costicola,
the sum of the cell-associated Na++ K+ ions was at least as high as
that in the external medium. Actively metabolizing V. costicola could
keep a 75 to 100 fold concentration gradient of K+ with respect to the
medium. The NaCl concentration in the medium did not alter the cellular
K+ concentration but had a prominent effect on the cellular Na+ was at
1.0 M, the concentration of cellular Na was greater than that of. K
In general, the coccoid forms are more resistant to changes in salt
concen tr cations, but, they have not beer, studied suf f icien iy to assess
adequately the effects of exposure to water and low concentrations of
salt. (Gibbon, 1969). The internal solute concentration of moderately
halophilic bacteria, which grow over a wide range of salt concentrations,
also has not been studied to a great extent (Shindler et al., 1977).
3) Effect of Temperature on Salinity Range of Halophilic bacteria
The solubility of NaCl in water is 36.0 gm per 100 gm of water
at 20 0 C or 36.3 gm per 100 gm of water at 30°C (Brown, 1964). It has
been established that non-halophiles can be protected against higher
temperature by increasing levels of the solutes. Temperature sensitive
mutants of Escherichia. coli can grow at the restrictive temperature if
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excessive solutes are added (Bilsky and Armstrong, 1973 Measures,
1975). The predominance of Gram-negative bacteria existing in marine
environment could probably be explained partly by the effect of sea
water temperatures. The sea usually does not reach a temperature as
high as that of surface soils in summer and high temperatures are
known to favor survival and growth of Gram-positive bacteria (Brown,
1964). The growth of Gaffkya homari, a Gram-positive coccus, in marine
environment is not stimulated by the addition of NaC1 to the medium.
However, NaCl raised the upper limit of temperature for the growth of,
this organism from 43° to 45°C. Neither other chlorides nor other
sodium salts tested could act in this capacity. This organism can also
develop a specific requirement for NaCl at elevated temperatures
Su-JLeszko k and Taylor, 1947 Goldman et a1, 1963). For non-haloph les,
Farwell and Brown (1971) reported that salt content as well as salt
concentrations could influence the heall resistance of these bacteria.
Low salt concentrations increased their resistance against high temp-
eratures but high concentrations reduced this capacity. In the marine
bacterium, Vibrio marians, a difference of about 10°C was found between
the maximal growth temperature at the highest and lowest salinities at
which growth occurred (Stanley and Morita, 1968 Mej°ita et al., 1976).
Extreme halophiles such as Halobacterium salinarium, H. eutirubrum,
H. halobium and Sarcina litoralis, have higher limits of salinity ranges
for growth while grown in higher temperatures ranging from 40°C to 50°C
(Gibbon and Payer, 1961). Kamekura and Onishi (1974) were able to
obtain fast growth of a moderately halophilic Bacillus sp. in medium
with the presence of 1 M or 2 M NaCl at 30°C. When NaCl'was replaced
by KC1, the bacterium.grew well at a concentration of 2 M, but failed
to grow in the presence of 3 M KC1. However, when the temperature
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increased up to 40°C, 3 M KC1 was found not to be inhibitory to growth.
Ishida et al. (1974) reported that the minimum and optimum salinities
for the growth of Pseudomonas sp. 1055-1 and Vibrio sp. Fl were raised
with the increase in growth temperature. Similar observations were
made in the moderately halophilic bacterium Flavobacterium sp. 126
and 164 and the extremely halophile Brevibacterium sp. 185. However,
such a temperature-salinity relationship was not observed in Vibrio
parahaemolyticus, Achromobacter sp. F2a42 and Pseudomonas sp. B3a16.
The minimum and optimum salinities for the growth of these organisms
was not. affected by the incubation temperature. Novitsky and Kushner
(1974) studied the effects of temperature and salt concentrations on
the growth of a facultatively halophilic Micrococcus sp. The growth
rate was found to increase with increasing temperatures up to the optimum
(35 o C) in media containing 1.0 M or higher concentrations of NaC1.
Growth was found to occur in low salt concentrations provided that the
temperature was not too high. The minimum salt requirement for growth
of this bacterium can be reduced by lowering the growth temperature.
However, higher salt concentrations were needed to protect these bacteria
at higher temperature. So far as what Novitsky and Kushner (1974) had
said, organisms which are classified as moderate halophiles have been
studied only at their optimum temperature. It might well be possible
that they would also grow over a much,wider range of NaC1 concentration
with elevated growth temperatures.
4) Effects of Salinity and Temperature on Protein Synthesis
It is ohly during the last 20 years that the concept of regulat-
ion of the formation of nucleic acids and proteins has been recognized
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as a function of great physiological significance to cell. Bacterial
cells when grown under steady state conditions at a give temperature,
the composition of the cells with respect to DNA, RNA and protein is
characteristic of the rate of growth supported by the medium. The
rate of protein synthesis, as measured by the uptake of radioactive
amino acids, shows an increase after the shift corresponsing to the
increase in the number of ribosomes (Kjeldgaard, 1967). Actively
growing bacteria adjust their capacity for protein synthesis very
efficiently. The polypeptide chain growth rate (cgrp) has been found
to be independent of the doubling time (Coffman et al., 1971) or
slightly lower in slow growing cultures (Dalbow and Young, 1975).
Except at very low growth rate, a high and constant fraction of cell
ribosomes are engaged in protein synthesis (Forchhammer and Lindahl,
1971). Other elements necessary for protein synthesis--messenger ribo-
nucleic acid (r1RNA) and transfer ribonucleic acid (tRNA), factors,
enzymes, and substrates--must thus all be present in saturating con-
centrations. For rapidly growing cultures of Escherichia coil B, the
polypeptide chain growth rate has been reported to be 16 amino acids
per se at 37°C (Hansen et al., 1973 Dalbow and Young, 1975) or 11
amino acids per se at 30°C (Gansing, 1972). Lower values have been
found for other strains (,Westover and Gacobson, 1974 Talkad et al, 1976).
Recently, protein synthesis has been implicated as a major
temperature-sensitive site in psychrophilic microorganisms (Mal.colm,
1968 Nash and Grant, 1969 Szer, 1970). Protein synthesis by cells of
two psychrophilic bacteria, Bacillus psychrophilus and Bacillus insolitus,
has been reported directly correspond to the growth of these organisms
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at 5°C, 20°C and 30°C, with a smaller total amount of growth and protein
synthesis occurring at 30°C than at 20°C. When the effect of temperat-
ure on protein synthesis was examined using cell free extracts, the
capability to carry out poly-U directed incorporation of 14C-L-phenyl-
alanine into protein was inhibited by 30°C as compared to 5°C (Bobier
et al., 1972).
There are many reports on Na-dependent uptake of sugars and
amino acids in nimal cells, but relatively few studies have been done
with microorganisms (Kitada and Horikoshi, 1977). Frank and Hopkins
(1969) demonstrated a Na+ requirement for glutamate uptake by Escherichia
coli B. Halpern et al. (1973) reported the Na+ and K' requirements for
active transport of glutamate by E. col-i K-12. In cells of alkalophilic
Bacillus 8-1, the uptake of c4-amino isobutyric acid (ALB) into the
cells is stimulated by the addition of NaCl (Na+) up to a concentration
of 0.2 M, but other monovalent cations such as K+, Li+, or NH4+ cannot
substitute for Na+ (Kitada and Horikoshi, 1977). In a marine bacterium,
Vibrio parahaemolyticus, protein synthesis require the presence of Na+
and is completely inhibited in Nadeficient medium. Ribosome synthesis
is also regulated by Na+ through the synthesis of ribosomal RNA. After
cells are subject to starvation for 15 hr, 70s ribosomes disappear
completely and dissociate into 50s and 30s subunits (Morishita, 1974).
Just because protein synthesis is a essential metabolic function of
bacterial growth, it helps to clarify the variations regarding the
maximum growth temperatures of bacteria at different salt concentrations.
Cooper and Morita (1972) determined the relationship of temperature
and salinity to protein synthesis for cell of another marine bacterium,
Vibrio marinus. The.critical temperature of lesion in protein synthesis
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increased with increasing salinity of the growth medium. Protein
synthesis was significantly inhibited at 22°C at a salinity of 25%, but
not at a salinity of 35% until the cells were incubated for 20 min at
24°C. The thermal lesion did not involve precursor accumulation
mechanisms rather than protein synthesis at salinities between 25 and
35%. At 40%, the uptake of extrac el.lul ar proline by whole cells was
inhibited at 24°C and preceded the inhibition of precursor into protein
(Cooper and Morita, 1972).
Although the viability of an extreme halophile Brevibacterium
spy 185 was largely lost at 370 in concentrations of NaCl below 10%,
the ability to take up 14c -glutamic acid was retained (Ishida et al.,
1974). The optimum and minimurr concentration of NaCI for glutamic acid
uptake increased in cells grown at higher temperatures. Similarly in
Flavobae Cerium sp. 126 the minimum concentration of NaC1 required for
the uptake of glutamic acid increased as the temperature at which the
cells were.grown was increased (Ishida et al., 1974). The temperature
at which the uptake was observed did not affect the minimum and optimum
salinities required for the uptake of the substrate. On the other hand,
uptake of (14C protein hydrolysate at various salinities into the cells
of Pseiudomonas sp. 1055-1, a marine bacterium, was markedly influenced
by temperatures employed for growth, but not by the salinity of the
growth medium, and by the incubation time of the uptake experiment.
Ishida et al. (1974) stated that possibly the mechanism of the observed
increases in the minimum and optimum salinities resulting from increased
incubation temperatures was related to changes in the properties of the
cell membranes which influenced the uptake of substrate. This seems
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Particularly true for the moderate halophile Flavobacterium sp. 126.
However, with the marine bacterium Pseudomonas sp. 1055-1 some conflict-
ing behavior has been observed. Glutamic acid, serine, proline, and
casein hydrolysate could each support the growth of this organism,
however, the optimum salinity for the uptake of (14C)-serine and {14C]
proline was not influenced by either the growth temperature or by the
temperature at which the substrate uptake was observed (Ishida et al.,
1974).
D. Nutritional Requirements of Halophilic Cocct
Most of the media proposed for the cultivation of halophilic
bacteria are complex media which contain casamino acids, yeast extract,
protease peptone, tryptone, trypticase soy broth, etc. (Katznelson and
Lochhead, 1952; Brown and Gibbon, 1955; Sehgal and Gibbon, 1960; Dundas
et al., 1963 Forsyth and Kushner, 1970; Gochnauer and Kushner, 1969).
Dundas et al. (1963) designed a synthetic medium which contained 10
amino acids in order to support the growth of several strains of the
extreme halophilic rods Halobacteriuin salinarium, H. cutirubrum and
H. halobium. The growth of these bacteria in this medium was not as
good as those in complex media. This medium was found to be even less
satisfactory for supporting the growth of halophilic cocci. Recently,
several improved synthetic media for H. cutirubrum have been proposed.
(Peterkin and Fitt, 1971; Ducharme et al., 1972; Grey and Fitt, 1976).
It was found that several essential amino acids such as arginine, lsine,
leucine and valine were required by H. cutirubrurn, in addition six other
amino acids stimulated growth (Dundas et al., 1963; Ohishi et al., 1965).
It can be concluded that lysine and even proline, a non-essential amino
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acids required by the extreme halophilic rods. Lysine is also essential
for the growth of all the extreme halophiles including species of
Halobacterium and Halococcus (Dundas et al., 1963; Brown, 1976).
Gibbon (1969) stated that he did not know of any synthetic
media that have been developed specifically from moderately halophilic
micrococcus and consequently more work is required on the nutritional
requirements of this group of bacteria. So far there are very few
nutritional studies reported for the moderately halophilic Micrococci.
The composition of five complex media used for the cultivation of
Micrococcus varians var. halophilus (Kamekura and Onishi, 1976) are
listed in Table 2. Requirements of the possible components of yeast
extract including various Vitamins, nucleic acid bases and metal ions
for growth were examined (Kamekura and Onishi, 1976) by omission and
addition in a Temporary emir rith is Medium (TSSM). As 2% casamino
acids was replaced by 2% vitamin-free casamino acids, the vitamin
mixture alone could support good growth; omission of metal ions and
nucleic acid bases was found to have no significant effect on growth.
Consequently, the Temporary Synthetic Medium (TSM) was devised by
substituting the vitamin-free casamino acids in TSSM with 18 amino acids
which were subdivided into five groups based on structural similarity
(Table 3). By omitting each group of amino acids one at a time from
TSM. Kamekura and Onishi (1976) were able to obtain a Synthetic Medium
(SM) for the growth of M. varians var. halophilus (Table 4).
It was determined that Micrococcus varians var. halophilus did
not require arginine and lysine, since omission of both or either one
amino acid did not effect the growth of the bact6erial cells (Kamekura
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and Onishi, 1976). Studies on the vitamin requirements of this
organism indicated that biotin was the only essential vitamin, where-
as thiamine, riboflavin and choline had a stimulatory effect on growth.
However, increase in the concentrations of biotin from 0.5 to 100mg/100 ml
did not enhance the growth rate. Another moderately halophilic coccus,
Micrococcuc halobius was found to require thiamine as an essential
vitamin while biotin had a stimulatory effect on growth (Onishi and
Kamekura, 1972).
E. Nutritional Effect on Pigment Production in Micrococcus
Although chromogenesis is one of the most easily recognized
microbial characteristics, little is known of the functions of the
non-photosynthetic pigments in bacteria (Cooney and Thierry, 1966;
Schwartzel and Cooney, 1974). It has been well decumented that the
amounts of cartenoid pigments in bacteria can be onbanced or decreased
by altering the chemical composition in the culturing media (Yokoyarna
et al., 1957; Taylor and Davis, 1976). Pigmnent contents have been
found to parallel cell growth which indicate that pigment synthesis is
not characteristic of any particular stage of cellular development
(Cooney and Thierry, 1966). The major pigments which have been charact-
erized in Gram-positive cocci are primarily the carotenoids, while
many others still remain to be identified (Cooney et al., 1966). cells
of two radio-resistants, Micrococci radiophilus and Micrococcus
radiodurans which normally contain-predominantly keto-carotenoids, are
found to accumulate acylic carotenoid-lycopene while grown in the
presence of nicotine and the pigments of nicotine-grown cells are more
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stable and less susceptible to radiation (Levis et al., 1974). In
Micrococcus radiodurans, pigmentation lags behind growth after 3 days
at 35°C. Grovth and pigmentation showed similar maxima at 25°C
(Thirkell, 1969). A defined medium has been developed which supports
good growth and pigment synthesis of Micrococcus roseus (Cooney and
Thieny, 1966). This medium contains fructose, adenine, alanine,
arginine, glutamic acid, glycine, isoleucine, methionine, proline,
serine, and inorganic salts. This medium is not a minimal medium, but
omission of any component decreases growth or pigment production.
Supplement to this defined medium with yeast extract, casein hydrolysate,
stock culture agar, lipoic acid, inositol, nitrogen bases, boric acid,
ammonium molybdate, or cobalt nitrate does not enhance growth or pig-
ment production (Cooney and Thierry, 1966).
The carbon: nitrogen (C: N) ratio in the growth media has
been found to be an important factor in controlling carotenogensis in
micro-organism (Goodwin,, 1952 Taylor and Davis, 1976 Tomlinson and
Hochstein, 1976). It has been reported that variations of glucose con-
centrations in a medium could produce significant changes in both cell
growth and carotenoid production in Streptococcus faecium, and the
production of a red pigment, bacteriorhodopsin, in H. halobium, H.
saccharovorum and H. sal inariumi (Gochnauer e t_ a i., 1972 Taylor and
Davis, 1976). Other organic compounds such as gluconate, lactose,
lactobionate, glycerol, fructose and sucrose have also been reported
to stimulate pigment formation in H. saccharovorum, the greatest enhance-
ment occurred in the presence of lactobionate and gluconate (Tomlinson
and Hochstein, 1976).
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Table 2. Composition of complex media
Sehgal and Complete
Gibbons complex Complex Temporary medium by
medium (SGC) medium serlisynthetic Brown and Gibbons
Components Mg-CM(Gibbons, 1969) (CM) medium (TSSM) (3-955)
Vitamin-free
casamino acids 0.75 2.0
Casamino acids 1.0 1.0 1.5





Nucleic acid bases b
Metal ions c
KCl 0.2 0.2 0.2
Sodium citrate 0.3 0.3
MgSO4.7H20 2.0 2.0 2.0 2.5
FeCl2.nH2O 0.0023
NaCl 0-4.5 M 0-4.5 M 2 M 2.5 M 3.8 M
pH 7.0 7.0 7.07.0 7.2-7.7
Note: Expressed as g/100 ml except NaCl and components listed below: (a) lpg biotin, 0.1 mg Ca-pantothenate,
2 mg choline-Cl, 10y.g folic acid, 1.7 mg i1.03 iol. 1.25 mg niacin, 6 ug p-amino benzoic acid, 35, ug pyridoxine-
HC1, 0.15 mg riboflavin, 40 ug thiamine-HCl, and 0.O1, ug vitamin B12/100 ml; (b) 1 mg of edenine, guanine,
cytosine, uracil, and thymine/1CO ml; (c) 0.25 m FeSO4.7H20, 0.212mg CuSO4.5H2O, 0.22 mg ZnSO4.7H20, 20 ug
MnSO4, 4-6H2O, and 30 us CoCl2.6H20/100 ml.
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Table 3. Composition of temporary synthetic medium (TSM)
Amino acids Group IV
Group I Arg in ine--I1CI o. o48




























NaCl 2. _5 M
pH7.0
Note: Expressed as gm/l00 ml unless otherwise indicated.
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Table 4. Compositions of synthetic media developed for M. varians
Components Components
Amino acids Vitamins
Alanine o. 082 Biotin 5.Ag
Glycine 0.043 Choline-Cl 0.002
Serine 0.209 Riboflavin 150 fig
Threonine 0.073 Thiamine-HC1 4 o ,ctig
Cysteine 0.010
Methionine 0. o41 Salts
Phenylalanine 0.031 NaCl 2.5 M
Trypt ophan 0.005 MgS04.7H20 0.5
Tryosine 0.0.50 KCl 0.02
Histidine 0.026 KH2P04 0.01
Aspartic acid 0.119





Note: Expressed as gm/100 ml unless otherwise indicated.
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1. Bacterial. strains.
Four strains of Mjcrococcus were used in the present study.
M. varians var. halophilus (ATCC 21971) was obtained from Professor
M. Kamekura who first isolated this orgaiism from soy sauce mash in
1974. M. morrhuae K17, M. luteus K15 and M. luteus K25 were origionally
isolated from Tolo Harbour, Hong Kong, which were characterized by
Kong (1977), and were deposited at the Culture Collection of the
Department of Biology, The Chinese University of Hong Kong. Stock
cultures of M. varians var. halothilus were kept in agar medium
which consisted of 1% casamino acids (Difco), 1% yeast extract (Difco),
2M Sodium Chloride and 2% Bacto-Agar (pH 70). Stock cultures of the
other strains were kept in 2216 marine agar (Difco)
Wheni grown in 1% yeast extract broth, M. varians var. halopliilus
produced water soluble lemon yellow pogments, M. luteus K15 and K25




The following media were frequently used for the experiments.




CaCl2 . 2H20 0.02M
Distilled water 1000 ml.
The artificial seawater (Baumann et a1,1971) consisted of 4
major. cations, the concen-trations of which were quite similar
to natural seawater. The cations were sodium magnesium,
potassium and calcium. The MgSO4.7H20 and CaC12 .2H20 were
2
dissolNed in distilled water separately before mixing together
with the other two components.
2. Table 6. Basal Mediur-l (BM-1)
Artificial seawater t Distilled water 1:l
1 N tris,pH 7.5 50 mM
FeSO4.7H20 o.lmM






Yeast extract 0 .1%













Basal medium-2 was designed to study the sodium requirement
of the bacterial strains. This medium did not contain any added
or contaiminatcd sodium ion.
pH. of BM-1 and BM-2 was adjusted. to 7.5.
4. Table 8. The Stock solutions of amino acids.















L=-L cuc i ne
L-Histidine
Each N Nj j.istock solutio n Of amino ac ids was prepared by dissolving
individual amino acids at maximum solubility in de-ionized
water sterilized by filtering through Oo45 um Millipore filters
and kept in a freezer until use. The amino acids were divided
into 5 groups on the basis of structural similarities (Table 8).
Only tyrosine required the addition of 1 N HC1 in order to dissolve
in distilled water and tryptophan required the addition of
1 N NH4OH.
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5 ) . T able . S tock solutionsf vitamins.
S tock solutions of the following vitamins were prepared separately
by adding individual vitamins to distilled water :
V itamin S tock C oncentration
biotin 0 . 0 2 2
cho1 ine- C l 0 . 2
0 . 2cobalamine( B - 1 2 )
0 . 2ascorbicacid ( C )
folic acid 0 . 0 0 0 1 6
0 . 2nicotinicac d . ( B 3 )
0 . 2pantothenate( B 5 )
0.2py idoxine - HHCl ( B 6 )
0 . 2riboflavin( B 2 )
0 . 2thiaminee- C l ( B l )
xanthine 0 . 0 0 8
0 . 2DL - carnJ tineHC 1
E ach vitamin stock solutionwas sterilizedthrough0 . 4 5 um M illipore
filters and was kept in a freezer* until use .
3 . C ulturing conditionsfor the bacterialstrains .
U nless otherwisementioned, cells of each strains was grown in
B asal M ediuml ( RM - 1 ) for 5 daysat 2 5 o C , cellswereharvestedby
centrifugationat 4 , 0 0 0 g for 2 0 rains , washedthree times by equal
volumesof sterileB asal M edium- 2 ( BM - 2 ) of whichN a C 1 was added
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in certain cases for special experiments. A1% aliquot of the
cell suspension, equivalent to 10 5 cells per nil, was used as
inoculum for each experiment.
4, Effect of _nity an_d temperature on bacterial growth.
Each of the four bacterial strains were grown in 1% peptone
broth (PB), 1% yeast extract-19/6 casamino acid. broth( YEC), Basal
Medium -1 (BM-1) and in a specific chemicall defined medium (DM)
which was devised from results of later experiments on the
Nutritional requirement of each bacterial strain. Sodium
chloride concentrations at 0 M, 0.2 M, 0.5 M, 1-0 M, 1-5 M,
2.0 N, 2.5 M, 3.0 M, 3.5 M,4-0 1,1 9 4.5 i and 5.0 M were sett up in
each of the four media for M. Varians var. halophilus. Similarily
0M, 0.2 M, 0,5 M, 1.0 Mt 1.5 M, 2.0 M, 2.5 M, 3.0 N of NaC1 were
set up for M. morrhuae K17, and for M. luteus kl5 and K25. Each
culture was incubated at 25°C,' 30°C and 35°C, depending on the
purposes of different experiments. Growth of the cultures was
measured by using either a Klett-Summerson photoelectric colorimeter
(Model 8003) with a green filter (No.: 54: 500-570 mu) or with a
spectrophotometer (Spectronic 70, Bausch and Lomb.) at 650 mu,
C:. Nutritional Requirements of the bacterial strains.
All experiments were carried out at 30° C:
(a) Growth factor requirements of the bacterial strains.
All four strains were grown in the following media:
i) BM- 2
ii) BM-2 +amino acid mixture (Table 8, final concentration:
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200 mg/l of each amino acid)
iii)BM-2 +vitamin mixture (Table 9, final concentration:
20mg/1 of each vitamin)
iv) BM-2 + amino acid mixture=vitamin mixture.
(b) Test for obligate requirement for amino acids.
All four strains of Micrococcus were grown in BM-2 which contained
the vitamin mixture and the amino acid mixture. An amino
acid was omitted one at a time as listed in Table 8.
(c) Effect of different groups of amino acids on growth of
the bacterial strains.
The five groups of amino acids (Table 8) were tested for
their abilities to support or stimulate growth of each
bacterial strains with or without the presence of vitamin
mixture (Table 9) in Basal medium-2 (BM-2) as follows:
with vitamin mixture




BM-2 +group 1-.+ group 2 -group 3 +group 4
without vitamin Mixture
with vitamin mixture
BIri 2 +group 1 -group 2 +group 3 +group 5
without vitandn mixture
with vitamin mixture




BM - 2 + group1 + group3 + group4 + group5
without vitamin mixture .
with vitamin mixture
BM - 2 + group2 + group, 3 + group4 - group5
without vitamin mixture .
with vitamin mixture
BM - 2 + group1 + group2 + group
without vitamin M ixture ,
with vi tarain mixture
BM - 2 + group2 + group3 + group4
without vitamin mixture .
with vitamin mixture
BM - 2 + group3 + gioup4 + grouP 5
without vitamin mixture
with vitamin mixture
BM - 2 + group1 + group4 + group5
without vitamin mixture .
with vitamin mixture
BM - 2 + gtoupl + group2 + group5
without vitamin mixture .
with vitamin mixture
BM - 2 + group1 + group2 + group4
without vitamin mixture .
with vitamin mixture
BM - 2 + group2 + group3 + group5
without vitamin mixture
with vitamin mixture
BM 2 + group1 + group3 + group4
without vitamin mixture .
with vitamin mixture
BM - 2 - group2 + group4 + group5
without vitamin mixture .
33
with vitamin mixture
BM-2 +group 1 +group 3 +group 5
without vitamin mixture.
with vitamin mixture
BM-2 +group 1 +group 2
without vitamin mixture.
with vitamin mixture
BM-2+ group 2+ rovp 3
without vitamin mixture.
wth vitaminxture
BM -2 -group 3 group 4
without vitamin mixture.
with vitamin mixture
BM-2 +group 4 +group 5
without vitamin mixture.
with vitamin mixture
BM-2 -t-group 1 -t-group 5
without vita-min mixture
with vitamin mixture
BM-2 +group 1 +group 3
without vitamin mixture
with vitamin mixture
BM-2 +group 2 +group 4
without vitamin mixture
with vitamin mixture
BM-2 +group 3 +group 5
without vitamin mixture
with vitamin mixture
BM-2 +group 1 +group 4
without vitamin mixture
with vitamin mixture



















(d)Test for obligate requirement for vitamin.
all four strains were grown in BM-2 with amino acid mixture
and vitamin mixture,with the smission of single vitamins
one at a time.
(e)Utilixation of amino acids as nitrogen and carbon sources by
the bacterial strains.
M. morrhuae K17 and M. variazls var, halophilus were grown
with vitamin mixture in BM-2, in which the nitrogen source
(NH4Cl) and the carbon sources (succinic acid, acetic acid
and glycerol) were replaced by single amino acids (2 g/l)
according to Table 8.
(f) Utilization of amino acids as nitrogen source b y the bacterial
strains.
M. morrhuae K17 and M. varians var. halophilus were grown
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as (e) above but with the omission of the nitrogen source
(NH 4 G1) in B-1-2 by single amino acids (2 g/l).
(g) Utilization of organic compounds as carbon source by the
bacterial strains.
All four strains were grown in BM-2 in which the carbon sources
(acetic acid9 succinic acid and glycerol) omitted. 0.2% of the



































































In all the experiments on nutritional requirements of the
bacterial strains, 1 M NaCl was added to BM-2 for M. varians
var. halophilus and 0.5 M NaCl was added. to BM-2 for the
other three strains.
From the results of the above experiments (a - g), chemically
defined media were obtained for each of the four strains.
6. Nutritional effects on pigment pioduction.
(a) Purification of the pigments of M. morrhuae K17 and M. varians
var. halophilus
The method used was a modified method of Suzue (1959),
Thirkell et al (1968) and Schwartzel and Cooney (1974):
Cells of these two strains were grown in 200 ml of 1% yeast
extract broth with 0.5 M Na Cl added. After one week's growth,
M. morrhuae K17 appeared orange-red in colour and M. variaris
var. halophilus appeared lemon yellow. Cells were then
harvested by centrifugation and were washed. 3 times (15 minutes
each) with BM2. Then cells were. suspended in 20 ml of 95%
methanol. The cells suspended in methanol were sonicated for
15 minutes and then extraction of pigments was carried out in
dark and aerated with nitrogen gas. The pigmented extract
was filtered through Whatman no. 1 filter paper. The methanol
in the extract was allowed to evaporate by storing the extract
at 0 for 2 days until the volume was reduced to 5 ml. The crude
pigment extract thus obtained was developed on silica gel
60 F254 (AH 5715, E.Merck) by using a mixture of benzene:
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methanol: acetic acid at 70:38:2 as the running solvent.
Absorption spectra of these further purified pigments on
silica gel were obtained by the use of a Beckman model 25
spectrophotometer. Spectra were taken in spectro-quality
(b) Nutritional effect on pigment production in M. morrhuae K17.
Cells of M. morrhuae K17 were streaked onto the following
media with 1.5% Becto-agar.
i) 1% yeast extract broth
ii) BM-2 +0.1% yeast extract.
iii) BM-2.
iv) BM-2 -amino acid mixture (200mg/1 of each amino acid)
v) BM-2 +amino acid mixture +vitamin mixture (20 m /1 of each
vitamin)
vi) 8M-2 +amino acid mixture +vitamin mixture- vitamin B12.
vii) BM-2 +vitamin mixture -vitamin B12
viii) BM-2+ vitamin mixture
ix)BM-2 +single vitamin listed in Table 8 at concentration of
20 mg/1.
All plates were incubated at 25°C for 10 days and observations
were made.
(c) Quantitative determination of nutritional effect on pigment
production in M. morrhuae K17.
Cells of M. morrhuae K17 were grown in the same media without
°agar at 25Cfor 10days. A 200 ml aloquot of the culture was taken
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out and dried at 95°C for 20 hours and the dry weight was
deterimined. Pigment extraction was carried. out by the method
as previously described in (a). The pigments were quantitated
by measuring with a spectrophotometer using a quartz cell of 1
cm path at the wavelength of the absorption peaks of the
pigments obtained from. (a). The concentrations of the pigments
were calculated by the formula, of Blessin (1962)
Pigment Concentration (ppm)
W=sample vreight in gramswhere A= absorbance (O.D,)
a=absorption of pigment.
V=Volume in ml
cell path in cm
7. Tonic Sparing effects in M. varians var halophi1us.
Cells of M.varians var. halophilus were grown In BM-2 wltn
vitamin mixture which was found to be the defined. medium (D.M.).
Different molar concentrations of KCi s L1CI and CsCl were added to replace
partially or completely the NaCl molar concentrations in this defined
medium.
Table lO. Concentration of K+, Li+or Cs+ used to combine with Na+












8. Determination of intracellular Potassiun concentration in
M. morrhuae K17 and M. varians var. halophilus.
Cells of M. varians var. halophilus were grown in 200 ml of
BM--2 with 0.5 M, 1 M, 2M, 3 M, and 4 M NaCl at 25°C, 30°C and 35°C.
Cells at late exponential growth phase were taken out and the dry
weight of 100 ml of each sample was determined after being heated
at 115°C for 20 hours. The remaining half of such sample (100 ml)
was harvested by centrifugation, and washed twice.with 0.1 M MgC1
solution (pH 6.2). After centrifugation at 4000 g for 20 minutes,
the bacterial pellets were acid hydrolized with 1 ml of a 2:1
mixture of hot concentrated nitric acid and sulphuric acid.
After the suspension became clear, the, mixture was diluted into a
lithium chloride standard solution and the potassium concentration
of the sample was measured with a flame photometer (Mark II, Evans
Electroselenium Limited). The same procedure was applied to
M. morrhuae K17 with 0.1 M, 0.2 M, 0.3 M, 0.4 M and 0.5 M NaCl
in BM-2.
9. Tests of salinity and temperature interaction on amino aciduptake
and protein synthesis.
Basal Medium -1 (BM-l) groom cells of M. varians var. helophilusgrowncellsofM.
were washed 3 times with BM-2 and then re-suspended in a series
of 50 ml flasks containing 15 ml of DM-4 in which 50 mg/l L-proline
was added. Soditum chloride concentrations of the media inside
the flasks were adjusted to 0 M, 1 M, 2 M, 3 M and 4 M before
inoculation. The cultures were grown at 25°C and 35°C. L-proline
with carbon-14,UL-14C (The Radiochemical Centre Ltd.,Amersham,
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England) was added to each cell suspension to an activity of
0.l5 Ci/ml. After incubation the cultures at 25°C and 35°C
for one hour, l ml of cell suspension of each culture was taken
out and pipetted into an equal volume of 20% (w/v) trichloroacetic
acid (TCA) in a test tube placed in ice at one or two hour intervals.
The sample size was constant throughout the experiment. The content
of the test tube was mixed throughly and 5% cold trichloroacetic
acid was added to bring the total volume to 3 ml. The mixture
was kept in ice for 30 minutes and then each test tube was
placed in a water bath at 82°C for exactly 30 minutes. The
tubes were then cooled and the material insoluble in hot acid
was recovered by filtration through a 25 mm diameter, 0.45 um
membrane filter (HA 0045 um millipore Co.) previously soaked
with 10% trichloroacetic acid. The filter was placed in a filter
holder (Millipore Swinnes-25) which was fixed onto a syringe. After
rinsing once with 4 ml of 10% cold trichloroacetic acid, the subsequent
two-rinses were made with 5 ml of 70/ cold ethanol. The filters
were placed in counting vials and dried under a heat-amp for 2 hours
and then covered with 5 ml of scintillation fluor solution
composed of 4.0 g of 2,5 -diphenyloxazole (PPO) and 0.3 g of dimethyl
1,4-bis-2-(5-phenyl-oxazolyl)-benzene (POPOP) in 1000 ml toluene.
Radioactivity was measured in a liquid scintillation
spectrometer (Packard model 3002). A millipore filter rinsed
with cell-free suspension was used to determine the background.
43
To measure 14C-proline uptake by whole cells, I ml of cell
suspension of each sample was filtered through a 25 mm diameter,
0.45 um membrane filter (HA 0.45 um Millipore Co.) which was presoaked
with cold BM-2. The cells retained on the filter were immediately
rinsed with 2 ml cold BM-2 and the filteres were then placed in counting
vials. The filters were dried under a heat-lamp. After 2 hours,
they were covered with 5 ml of scintillation fluor solution.




1. Nutritional Studies on the Bacterial Strains.
1). Growth Factor Requirements of the Bacterial Strains.
2). Effects of Additional Amino Acids on the Growth of
the Strains.
3). Obligate Requirements for Vitamins by the Bacterial
Strains.
4). Utilization of Amino Acids as Simultaneous Nitrogen
and Carbon Sources by M. morrhuae K17 and M. varians
var. halophilus.
5). Utilization of Amino Acids as Nitrogen Source by M.
morrhuae var. haloilus.
6). Utilization of Organic Compound as Carbon Source by
the Bacterial Strains.
7). Chemically Defined Medium.
2. Nutritional Effect on Pigment Production on M. morrhuae
Kl7 and M. varians var. halophilus.
3. Effects of Salinity and Temperature on the Growth of Four
Micrococcus Strains.
4. Ionic Sparing Effects in M. varians var. halophilus.
5. Effects of Salinity and Temperature Interaction on Intra-
cellular Potassium Concentrations in M. morrhuae K17 and
in M. varians var. halophilus.
6. Effects of Salinity and Temperature Interaction on Amino
Acid Uptake and Protein Synthesis.
44
1. Nutritional Studies on the Bacterial Strains
l). Growth factor requirements of the bacterial strains
M. luteus strains K15 and K25 required growth factors
including amino acids and vitamins for growth (Table 1).
M. varians var. halophilus required vitamins since
growth was greatly inhibited by the absence of the
vitamin mixture (Table 1). M. morrhuae Kl7 showed limit-
ed growth in BM-2 with amino acids mixture without
pigment production were obtained while vitamin mixture
was present which indicated a requirement for vitamins
by this strain (Table 1).
The requirements for certain amino acids by these four
strains were shown in Table 12. Glycine, methionine and
phenylalanine were obligately required by M. luteus K15
for growth whereas growth was greatly reduced when threon-
ine and valine were absent (Table 12). M. luteus K25
obligately required asnar-tic acid and growthin the absence
of proline, arginine, valine and leucine was rather poor
(Table 12). M. morrhuae K17 did not have obligate require-
ment for any amino acids since growth occured when any
single amino acid was omitted. from the medium (Table
12). Requirement for amino acids by M. varians
var. halophilus was similar to that by M. morrhuae
K17. Growth occured in BM-2 with the omission of any single amino
acid in the presence of the vitamin mixture (Table 12).
2) Effects of additional amino acids on the growth of the strains.
The effects of additional amino acids on the growth of al
four strains are shown in fig. 1, 2, 3 and 4. Vitamin mixture
was added in BM-2 for the growth of M. Lateius strain K15 and. K25
but was omitted for the growth of M. morrhuae K17 and M.varianns
var, halohilus in this wxperiment, since vitamin mixture alone
supported excellent growth of the latter two strains.
It was found that no single group of amino acids would
support the growth of M. luteus K15 when compared with the
control (Eig l) However, mi.ture of amino acids groups 1,
2 and 5 supported excellent growth as the control. (in which
all five groups of amino acids were present) or in media in which
groups 1, 2, 4. and 5 and groups 1, 2, 3 and 5 were presento
Therefore amino acid groups 1, 2 and 5 were apparently
required by this strain for good growth,. These 3 Groups of
amino acids were thus added in the defined medium (DM--l)
which was developed later in this study for the cultivation
of M. luteus K15
The effects of different froups of amino acids on the
growth of. M. morrhuae K17 were shown in Fig. 2. Growth of
this strain was good in general. and the omission of any one
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to four groups of the amino acids have only slight inhibitory
effect on growth (Fig. 2). This result suggested that any
one group of the amino acids tested would stimulate growth
of M. morrhuae K17.
The effects of different groups of amino acids on growth
of M. luteus K25 were shown in Fig 3. Only. with the presence of
all five groups of amino acids did good growth occur. (Growth
reach 100 Klett-Sumnerson unit). Omission of any single group
of amino acids greatly inhibited growth. Thus it was evident
that none of the amino acid groups could be omitted from the
medium.
Although growth occured in medium containing all five
groups of amino acids in the absence of vitamin mixture, the
growth of M. varians var. halophilus was never as good as that
while vitamin mixture was present in the medium (Fig. 4). Growth
in medium containing groups 1,2,4 and 5; groups 1, 2, 3 and 4 ;
groups 1, 2,3 and 5; and groups 2, 3, 4 and 5 respectively were
equally good. None of the combination of any two groups or any
single group of amino acids can support growth.
3) Obligate requirements for vitamins by the bacterial strains.
M. luteus K15 required xanthine as an obligate vitamin
(Table 13). However, when other vitamins including cobalamine,
ascorbic acid, nicotinic acid, pyridonine, riboflavin, thiamine
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hydrochloride, inositol and carnitine hydrochloride was omitted
separately, the lag phase was greaty lengened to about 5 days.
Thus these vitamins were essential for good growth of this
strain.
None of the vitamins tested was obligately required by
M. morrhuae K17 since omission of any single vitamin did not
affect growth (Table 13) However, vitamin mixture was required
for full scale pigment production (Fig 19). Ascorbic acid,
pantothenate and xanth i ne were obligately required by M. luteus
K25 (Table 13). Also when biotin, eholine-Cl, nicotinic acid,
pyridoxine hydrochloride or riboflavin were omitted from the
medium, the lag phase was greatly lengthened to approximately
3 days which was an indication that those vitamins should
be included in the defined medium for this strain.
M. Varians var. halophilus showed an obligate requirement
for choline chloride, cobalamine, folic acid, nicotinic acids
pyridoxal-hydrochloride, thiamine and inositol since growth
did not occur while these vitamins' were omitted from the medium
(Table 13).
Utilization of amino acids as simultaneous nitrogen and
carbon sources by M. morrhuae K17 and M: varians var, halophilus
The concentration of each amino acid tested in this set
of experiment was increased to 2 g/l in the media as described
in the 'Materials and Method' section. Results obtained here
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indicated that glycine, serine, proline, glutamic acid and lysine
could serve as both nitrogen and carbon source for M. morrhuae
K17 for growth (Fig. 5). However, growth did not occur in BM-2
containing low concentration of these amino acids (0.2 g/l)
with the absence of the inorganic nitrogen (NH4Cl) source and
carbon sources. This indicated that the ability for amino
acids to serve as nitrogen and carbon source for this strain
was concentration-dependent (Fig. 5). In cultures of
M. varians var. halophilus, growth occurred in BM-2 containing
2 g/l of histidine, aspartic acid, arginine, proline, valine,
leucine and lysine (Fig. 6). Again, growth did not occur
in BM-2 containing low concentrations of amino acids (0.2 g/l)
with the omission of inorganic nitrogen source and nitrogen
source (Fig. 6).
5) Utilization of amino acids as nitrogen source by M. morrhuae
var. halophilus.
Results showed that glycine, serine, glutamic acid, proline,
methionine and arginine were the most effective amino acids
which could be utilized as nitrogen source by M. morrhuae K17
(Fig. 7). However, aspartic acid was not able to serve this
function even at high concentration (2g/l). In general,
most of the amino acids tested were able to serve as nitrogen
source to a certain extent with different efficiency. (Fig. 7).
On the other hand, it was found that with the addition of
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0.2 g/l amino acid mixture to Basal Medium-2 would support
relatively good growth of this organism, which was an indication
that a total amino acid mixture was effective in'serving as
nitrogen source for this strain at relatively low concentration
(Fig. 7)*
M. va.ria.ns D'art ha o ziJus utilized histidine alanine,
proline, glutamic acid, arginine, gly-cine and aspartic acid
as the most effective nitrogen source (Fig. 8), Amino acid mixture
at low concentration (0.2 g1 l) could also support the growth
of this organism (Fig. 8)
6)Utilization of organic compound as carbon source by the bacterial
strains.
M. luteus K15 utilized only very few of the organic
compounds tested as carbon source (Fig. 9 and 10). Fructose
.seemed to be the most effective carbon source for this organism.
Good growth was also obtained in media containing mannitol,
acetate, glycerol, succinate, glucose, lactose, maltose,
mannose, cellobiose, glycerate 9 glycollate and lactate as
the sole carbon source (Fig. 9). Among the organic compounds
testedv carbohydrates were more effective in serving as carbon
source while only a few organic acids, alcohols. amines,
non-nitrogenous aromatic and other cyclic compounds could
support growth (Fig. 9 and 10).
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M. morrhuae K17, on the other hand, utilized most of
the organic compounds as carbon and energy source with maximal
growth in media having mannose as carbon source (Fig.ll and 12).
in particular, most of the carbohydrates could be metabolized. as
sole carbon source for this strain (Fig. 11). All the fatty
acids tested could be utilized to a certain extent, which
.l1). Among the organicresulted in relatively good growth (Fig
acids tested, only pyruvate could be utilized (Fig. 11). Compounds
such as 2, 3-butylene--glycol and adonitol were the only ones among
the polyalcohols and glycols which, respectively, were not
utilized (Fig. 11). Succinate was the only one dicarboxylic
acid which supported good growth of this orggfiism (Fig, ii).
Benzylamine and n-propanol_ were the other organic compounds
tested which served as suitable carbon and energy source
for M: morrhllae K17 (Fig: 12)
I4 luteus K25 utilized mnaltose, glucose, fructose,
mannose, gluconate,glycerol, mannito]., succinate and lactate
as carbon source (Fig. 13 and 14). None of the other compounds
belong to alcohols, nitrogenous compounds, non-nitrogenous
compounds, aromatic and other cyclic compounds which could serve
as carbon source for this strain (Fig. 13 and 14).
In Me varians var, rnai opnius, gooa grow-un was o otiainea in
media in which arabinose, cellobinose, sucrose and mannitol
were the sole carbon source. In addition, most of the
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carbohydrates and all fatty acids tested could also be, used
(Fig. 15). In general, many more compounds tested could support
growth of this species. Exceptions include xyiose, itaconate,
pimelate, malcate, beta -hydroxy.butyrate, melate, -roandelate,
phenol and most of the amines which failed to serve as suitable
carbon source (Fig. 15 and i6)
7 Based on the results of. the nutritional studies, the development
of chemically defined medium for each of the four bacterial
strains was possible. (Fig. 1.4, 15 , 1.6 and 17
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2. Nutritional offeet on pigeent on M,morrhuse K17 and
M. varians var. hh.alophilus.
Fig. 17 and 18 show the visible absorption spectra of the
major pigments from M. morrhuae IC17 and DI. vari ans var. hI h i lu r
Visible absorption spectra of the pigments of M. morrhuae K17 showed
a single narrow maximum peak at 316 mu. Another broad maximum
was symmetrical with two peaks. at 465 mu and 485 mu respectively.
In M. varians var. ha? o? hiius, a narrow maximum peak located
at 313 mu and other three with peaks at 420 mu, 443 mu and 472 mu
were observed.
The colonies of M. rnorrhuae K17 were streaked on various agar
plates as shown in Fig. 19.
Fig., 19a. Colonies on 1% yeast extract agar.
Fig. 19b. Colonies on BM-2+ 0.1% a yeast extract agar.
Fig. 19c. Colonies on BM 2+ amino acid mixture+ vitamin mixture
agar.
Fi.g. 19d. Colonies on BT,1M2+ amino acid mixture+ vitamin mixture
(without cobalami.ne) agar.
Fig. 19e. Colonies on BI-1-2+ amino acid mixture agar.
Fig. 19f. Colonies on BM1-.2+ vitamin mixture agar.
Fig. 19g. Colonies on FPM-2+ biotin agar.
Fig. 19h. Colonies on BM-2+ folic acid agar.
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The colonies sizes on a, b, c, d, f were larger those of e,g,
and h. The colonies on agar plate ighich' contained only BM-2=+ amino acid
mixture were different from all others as. they did not produce
any orange pigments. Colonies on. gand h agar plates which
contained only a single vitamin in BM-2 were much smaller in size
compaired With those on e plate. However, small amounts of orange
pigments were produced in the former.
Results on the quantitative determination of nutritional effect+,
on pigment production in M. morrhuae K17 and M. varians var. halophilus
indicated that highest concentration of pigment extraction was
obtained from cells grown in l yo yeast extract (Table 18 and 19).
The quantity of pigments obtained from cells of 14. morrhuae K17M
grown in BM-2 with amino acid and vitamin mixtures was only Slightly
lower than those grown in 1% yeast extract (Table 18). No or only
small amounts of pigments were obtained from cells grown in BM-2
with amino acid mixture or with any one group o- If-- amino acid
(Table 18). In general q evaluation of the quantities of pigments
showed that the highest concentration of pigments were those
having peak absorption at 316 mu.
In M. morrhuae var. ha1_ophilus v no significant difference in
quantities of pigment extractions in cells groz ,rn in 1% yeast extract,
BM--2+ amino acid mixture+ vitamin mixture and in Bl-2 +amino acid mixture
was found at 443 mu and 31.3 mu. However, cells grown in BM''i-2 with
amino acid mixture processed much srialler amount of pigments which
had absorption peaks at 472 mu and 420 mu compaired with those
grown in 1% yeast extract and BVT-2 with amino acid and vitamin mixture
(Table 19)
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3. Effects of salinity and temperature on the ,rowth of four
Micrococcus strains.
Effects of salinity and temperature on the growth of M. luteus
K15 growing in 1% peptone broth, BDI-2 with 0.1% yeast extract,
defineded medium-1 (DM-1) and 1% yeast extract-T-1% casamino
acid medium were shown in Fig. 209 21, 22 and 23 respectively.
In 1% peptone broth (Fig. 20), no growth of M luteus
K15 was detected when there was no added NaCl in the medium at
all of the three temperatur.er of 25°C, 30°C and 35°0. As the
temperature was increased up to 35°C, no growth occured in media
containing different concentrations of sodium chloride. Peptone
was the only complex medium tested in which the growth of this
strain did not occur at 35°C. However, it was obvious that the
optimum temperature was 25°C and 35°C was the sub-optimal
temperature for growth. The minimum sodium ion concentration
required for growth to occur at 25°C was raised to 0.5 M.
The range of salinity within which growth occured at 300C was greatly
reduced as compared with that at 250C. In general, 1/ peptone
was not a favourable medium for the growth of M. l u teus K15.m .faM1e@Ve=^i
In BM-2 with 0.1% yeast extract, (Fig. 21), the range of salinity
within which growth occurred was not affected by all of the
three temperatures tested. Sodium chloride concentration at
0 to approximately 0.8 M increased the optimum growth temperature
to 35 C. However, as the sodium chloride concentration was increased
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from 0.8 M to 2 M, growth at 35°C was inhibited. As salinity
was increased further up to 2.5 M, the inhibitory effect of
°
sodium ions at 35C became even more marked..
In defined medium-1 (DM .l), 3000 was found to be the optimum
growth temperature regardless of the range of salinity tested
(Fig. 22). Growth did not occur at all temperatures tested. when
sodium chloride was omitted from the medium. This indicated
that this strain had an obligate requirement of sodium ion for
growth.,
In an enriched medium of 1% yeast extract with 1% casamino
acids (Fig, 23), the stimulatory effect of 35°C at low salinity
(o.2 M) became dominant. At low salinities ranging from 1 to 2 M,
maximum growth occurred at 30°C was similar to that at 30°C9
However as salinity was increased i ncreased N, marked inhibition
of growth occurred at all three temperatures. In general, except
at stressed salinities, 30°C was the optimal temperature for
growth of M. luteus K15 in defined medium (Fig. 24 and 25).
At lower salinities from 0.2 to 0.5 M, lower temperature such
as 25°C would shorten the lag phase. On the other hand, at higher
salinities from 1 to 1.5 N, higher temperature at 35°C would
shorten the lag phase.
The growth curve of M. luteus K15 in lg% yeast extract±1% casamino
acid broth indicated that as salinity was increased from 0 to 0.5 molar
sodium ion, the maximal growth at 35°C bore more resemblance to the
growth at 30 C. At low salinities, 35°C seemed to be the optimum
temperature. In can be concluded that in all salinities tested,
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growthat 3 0 ° C was betterthan that at 2 5 ° C . H owever, the
the stimulatoryeffect of 2 5 ° c on growth was only significant
at low salinities, which was at the stressedsodium ion
concentrations( F ig . 2 6 and 2 7 ) .
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Fig. 28, 29, 30 and 31 show the effects of temperature and
salinity interaction on maximal ogrowth of M. morrhuae K17.
In 1% peptone broth (Fig. 28), growth occurred only at 25°C
and 30°C in the absence of. NaCl. 30°C was the optimum temperature.
At low NaC1 concentrations from 0.2 M to 0.5 M, growth increased
proportionally with temperature. When the salinity was above
0.5 M, 25°C and 35°C were suboptirum whereas 30c was still the
optimum temperature for growth. With increase in temperature
from 25°C to 30°C, the salinity range also increased from 2.0 M to
3.0M but this was not true for 35c since no growth occurred
at 2.0 M for this incubation temperature.
Growth of M. morrhuae K17 in BM-2 + 0.1% yearst extract (Fig 29)
and in DM-2 (Fig. 30) were quite similar. Temperature at 35°C
was the optimum temperature for growth, followed by 30c and 35c
in both media. Higher temperatures seemed to protect the organisms
from higher NaCl concentrations. DM-2 was the only medium tested
in which growth was higher at 0.5 M than 0.2 M than 0.2 M at 30 °C.
In an enriched medium as in 1% yeast extract+ l% casamino acid
medium, 35°C was found to be the temperature which significantly
increased the maximum growth at low salinities up to 0.5 M (Fig. 31).
°
The growth characteristics of this organism were similar at 25C and
30°C at different molar concentration of NaCl. Greatest amount of
growth occurred at 0.2 N Na.Cl in this enriched medium at all three
temperatures (Fig. 31).
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Fig. 32 and 33 respectively show the growth curves of M. morrhuae
K17 in defined medium-2 (DM-2) and in 1% yeast extract +1% casamino
acid medium at various Na+ concentrations and. temperatures. In DM-2.
35° C stimulated growth and shortened the lag phase at 0 M Na+
up to 1.5 M Na+. This phenomenon was not so significant at 1.5 M,
however. At low salinities, (0 or 0.2 M N2+), 25°C was more
favourable for shortening the lag phase than 30°C, and this effect
disappeared as the salinity was increased from 0.5 M to 1.5 M.
Nevertheless, 30°C was in general a more favourable teaperaturo for
growth than 25° C.
In 1% yeast extract +1% Casalid.no acid medium (Fig. 34 and 35),
35° C was the optimum growth temperature which shortened the lag
phase of the cultures growing with. 0 to 0.5 M NaCl. The cells
were not protected by 35°C from growth inhibition of high salinities
greater than 1 M.
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In 1% peptone broth (Fig. 36), no growth of. M. luteus X25
occurred at 0 M Na+ at all three temperatures tested. The minimal
salinity required for growth to occur was 0.2 M sodium for both
25°C and 30°C. At these two incubating temperatures, 0.5 M Na+
was found. to be the optimum concentration which stimulated growth.
Growth was inhibited as the salinities were increased up to 1 M
sodium or higher. The increase of temperature from 25°C to 30°0
increased only the amounts of growth and salinity range but the
shift of salinity range of this organism was not found to be significant.
0
On the other hand, no growth was observed to occur at 35 C
In BM-2 with 0.1% yeast extracts (Fig- 37), growth of M. luteus
K 25 increased at the optimal temperature of 30°C, in media containing
0.5 M -1.5 M NaCl whereas maximum growth was maintained constant, at
25 C and dropped rapidly at 35°C. It seemed 35°C stinralated growth
at low salinities from 0 to 0.5 M NaCl. However, growth of cells
was not protected by this temperature at higher sodium concentrations
(Fig. 37).
.In chemically defined medium-3 (DM-3), (Fig. 38), the salinity
range in which growth occured at 25°C was from 0.2 to 2.5 M. The
salinity range at the optimal temperatures 30° was from 0.2 to 3 M.
0
Salinity range at 35 C was similar to that of suboptimal temperatures
25°C with the only exception that growth did not occur at 0 M Ta+
in the former. (Fig.38).
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When grown in 1% yeast extract +1% casamino acid medium, the
growth characteristics of M. luteus K25 showed a similar pattern
at all three incubating temperatures (Fig.+
39) At Iow Na+ concontratiations
0
35 C seemed to be the optimal growth temperature, whereas at 1 to 2 N,
maximum growth were equal at both 300C and 350C tFig. 39).
When cells of N. luteus K25 were grown in defined medium
the growth curves at 35°C indicated that this high temperature shorten
the lag phase at 0 M Na+ (Fig. 40). The shortest la phase was
obtained with the optimum temperature 3000 at 0.5 N Nat, however,
growth at 25 C was always slower and smaller than those at 30 C. This
was particularly significant at. higher salinities (Fig. 41), but not at
salinities as to, as 0 or 0.2 N Ns.{ (Fig. 40)
Growth of M. luteus Ki15 in 1% yeast extract +1% casamino acid.
0
medium also indicated that 35 C was the optimal growth temperature
at 0, 0.2 and 0.5 lei Na (Fig. 42 and 4.3). The growth characteristics
at 25°C and 30°C at various salinities were quite similar to those
of N. luteus KI5 (Fig. 26 and 27)
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Figs. 44, 45, 46 and 47 show the maximum growth of M. variansvarians
var halophilus in l% peptone broth, BM+--0.1 yeast extract,
defined medii.y. (DIM-4) and 1% yeast extract-e 1% casamirno acid
medium.
In 19/6 peptone broth (Fig. 44), no oth occurred without Na+
and with 0.2 M Na+ at all three incubation temperatures. It was
found that 0.5 M Na+was the r. i.nimal salinity required by this
organism to grow at 25°C and 30°C whereas the minimal Na+requir_ement
at 35 0 C was increased up to 1 M. This indicated that there was a
a shift of salinity tolerance towards higher values as well as an
increase in salinity range while growth temperature was raised
to 35 0 C (which was also the optimal temperature for growth) when
1 M of sodium ion was present in the medium.
In contrast, the optimum temperature shifted down to 300C in
media- containing lowered salinities. Temperature at 2500 was found
to be suboptimal regardless of the salinities in the media (Fig. 45).
.In BM-2 with 0.15/6 yeast extract (pig. 45), growth occurred only
at 25°C when sodium was omitted from the medium. A mimium salinity
of 0.2 M Na+ was required for growth to occur at 300C and 350C
The optimum salinity increased proportionally with the temperature.
At 25°C, the optimum salinity ranged from 0.2 M to 1.5 M. At 300 C,
0
this range was enlarged from 0.2 N to 1.5 N whereas at 35 C it was
further shifted up to 2 M. However, as salinity increased from
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3.5 M to 5 M, 35°C became sub-optimal fro growth as compared with
30°C which became optimal in media containing high concentrations
of Na+
In defined medium-4 (DM-4), excellent growth was obtained at
35°C which was the optimum temperature, while 30°C and 35°C were
suboptimal at salinities ranging from 2.5 to 4 M Na+ (Fig. 46).
At salinities ranging from 0.2 M to 2 M30°C became optimum.
Growth occurred only at 25°C in medium which did not contain added
Na+ (Pig. 46).
In 1% yeast extract + 1% casamino acid medium (Fig. 47),
with salinities ranging from 1 M to 5 M, growth was greatly stimulated
when incubated at 35°C. In media containing no sodium and 0.2 M sodium
respectively, growth occurred only at 25°C. However, growth at the
lowest tested temperature, 25°C was higher than 35°C and no growth
occured at 30°C in media containing 0.5 M Na+
Results obtained from growth experiments carried out in DM-4
(Fig. 49) showed that at lower salinities( less than 1 M Na+),
30°C would shorten the lag phase. At salinities greater than
0.5 M, the length of lag phase at 25°C was lengthened. As salinities
increased from 1.5 M to 3 M, the effect of 35°C on shortening the
lag phase became quite obvious, especially at 3 M Na+(Fig. 49).
However, this effect became stressed as salinities were further
increased from 3.5 M to 4 M (Fig. 50). At 4.5 M, no growth occurred
at all three incubation temperatures.
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Grog th curves of this strain in 1% yeast extract+ 1% casamino
acid medium (Fig. 51 , 52 and 53) show that an incubation temperature
0
of 35°C could shorten the lag phase at salinities ranging from
0.5 M to 4 M Na Furthermore, lag phases of the cultures with
such salinities were shorter at 30°C than those at 25°C. As
salinities were increased up to 4.5 M and 5 M Na+(Fig. 53), the
stimulatory effect of 30°C became obvious and the lag phases were shorter
than those grown at 30°C, However., cultures grown,at 35°C still produced
higher yield than those grown at 30°C in media containing high
salinities (Fig. 53)
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k. Ionic SEarin,_Eff ectsin M`varians_var. halophilus
Fig. 58, 59 and 60 show the sparing effects of equimolar
amounts of K+, Li+ and Cs+ replacing Na+ on the growth of
M. varians var. halophilus at 25°C and 35°C. There was no
significant difference on growth as sodium ion concentration
was decreased from 1.5 M to 0.52 M and at the same time the
amounts of K+ was increased from 0 M to 1 M (Fig. 58). As
Na+ concentration was decreased to 0.02 M, high molar con-
centration of K+ would only support approximately half of the
growth that occurred in all other Na±-K+ combinations and the
lag phase was increased from 50 hr to 100 hr (Fig. 58). The
same situation was found at 35°C with the only exception that
the lag phase was shortened from 30 to 50 hr.
Growth was similar in all media as the sodium ion con-
c-entration were maintained as high as 1.4 M and Li+ concen-
tration were maintained as low as 0.12 M (Fig. 59). y' h en L i+
concentration was raised from 0.52 M to 1.5 N, the growth was
inhibited and the lag phase was greatly extended (Fi 59).
The favorable effects of high temperature at 35°C on growth
as well as on length of iag phase were obvious at 0.52 N and
1 M but not at 1.5 M Li+ (Fig. 59).
It was found that the existence of as little as 0.02 M
CsCl inhibited the growth of M. varians var. haloEhilus (Fig.
6o). The ihhib i tion became more prominent as Cs+ concentrat-
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ions were increased up to above 0.52 M (Fig. 60). High temp-
erature at 35°c seemed to protect the cells and enable them
to grow in the presence of higher concentrations of Cs+ (Fig. 60).
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5. Effects of salinity and tem2erature interaction on intracellular.
potassium concentrations in M. Morrhuae K17 and in M. varia,ns var.
halohilus.
In M. morrhuae K17, there seemed to be a general trend, at
25°C and 30°C9 that intracellular potassium ion concentration
increased as the salinity( Na+ concentration) in the media was
increased (Table 20). The potassium ion content in cells grown in
media with 0.4 M and 0.5 M had higher intracellular potassium ion
concentration than those of 0.1 N, 0.2 M and 0.3 M (Table 20).
At 350C, the intracellular K+content was highest in media containing
Na+ concentration at and above 0.3 M. Results also indicate that
the K1+ contents in the media with higher Na+ concentrations (equal
at all there incubation temperturesto and greater than 0.3 M) at all three i.ncubation temperatures
were more or less the same (Table 20). The intracellular K+ content
with lower salinities (0.1 and 0.2 M) wereof cells grown at 25°C with lower sal nities(0.1 and 0.2 M) were
generally lower than those growing in media with the same Na+
concentrations at 30 °C and 350C (Table 20).
In M. varians var. h lohilus, the intracellular K+ content
showed a linear relationship with salinity at 25°C. The amount of
intracellular K+ was lowest in medium containing 0.5 N N. However,
such an relationship was not detected in cells grown at 30°C, as
the intracellular K+ contents at salinities of 3 M and 4 M were
higher-than those at 1 M and 2 M Na+. at 35°C,the intracellular K+
contents at 2 M, 3 N and 4 M Na+ were higher than those at lower Na+
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concentrations. Although the K+ contents were also high, 114.80 mg
of K+ per gram of dry cells and 119.26 mg per gram of dry cells
were found in media having 0.5 M Na, at 30°C and 35°C, respectively.
A trend was observed that the K+ contents increased more or less
proportionally with increase in salinity. It was also found that
the effect of salinity on intracellular K+ contents were different at
different temperatures.
The intracellular K+ contents in M. varians var. halophilus
were generally much higher than those in M. rnorrhuae K17. This
was ture even at 0.5 M, the lowest salinity tested. The intracellular
K+contents of M. varians var. halophilus was three to five times
higher than those of M. morrhuae K17.
It seems salinity had a more significant effect than temperature
on the intracellular potassium content of these two strains.
68
6. Effects of salinity and temperature interaction on amino acid uptake
and protein synthisis.
Effects of temperature and salinity interaction on protein
synthesis and precursor uptake in M. varians var. halophilus
were studied at 25 C and 35 C with salinities at 0 M, 1 M, 2 M,
3 M and 4 M sodium chloride. Results on 14c-prloine( x102 cpm)
indicated that at all the molarities of sodium chloride tested,
the differences in the rates of uptake of the amino acid and
protein synthesis were quite significant at 25°C and 35°C.
(Fig. 61, 62 and 63). Temperature at 35°C was found to be optimal
and 25°C suboptimal for both proline uptake and protein synthesis.
Proline uptake as well as protein synthesis were greatly
inhibited at both 25°C.and 35°C in the absence of sodium ions
(Fig 61). proline uptake and protein synthesis I M Na+
proceeded rapidly and paralleled each other at both 25°C and 35°C
(Fig. 61). However, it seemed that 35°C was more favourable
for both precurscruptake and protein synthesis. Proline uptake persisted
after the protein synthesis became stable after 7 hours of
incubation (Fig. 61). Results also indicated that protein
synthesis and proline uptake were maximal at 35°C and sodium ion
concentration at 2 M (Fig. 62). Proline uptake at 35°C was much
greater than that at 25°C although the effect was less obvious
in protein synthesis (Fig. 62), especially during the later stage
of protein synthesis.
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Cells grown in medium with 3 M sodium ion started to show
a drop in both proline uptake and protein. synthesis (Fig. 62).
Temperature seemed to have little effect on proline uptake
although the uptake was significantly increased with raised
salinities. Both proline uptake and protein synthesis at 3 M
sodium ion showed some similarities to those of cells grown in
1 M Na+ (Fig. 61 and 62)
On the other hand , the patterns of proline uptake and protein
synthesis were found to be quite similar in 0 M Na+ and in 4 M Na+
(Fig. 63) .
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Table 11. Growth factor requirements of the bacterial strains
BM-2
BM-2
Amino acids mixture BM-2
Strains








+:growth (growth exceeds 150 klett unit)
-:no growth (growth under 30 Klett unit)
+: limited growth (growth under 80 Klett unit)
71
Table 12. Obligate requirements for amino acids by the four strains
BM-2+ A.A. mixture
+ vitamin mixture M. varians
Group minus the following A.A. M. luteus K15 M. luteus K25 M. morrhuae K17 var. halophilus
1 L-alanine + + + +
L-threonine ± + + +
Glycine - ++ ++ +
L-serine ++ ++ + ++
L-cysteine + + + +
L-methionine - ++ + +
2 DL-phenylalanine - + + ++
L-tryptophan + ++ + ++
L-tyrosine ++ ++ + +
L-histidine ++ ++ ++ ++
3 L-aspartic acid ++ - + +
L-glutamic acid + + + +
L-proline + ± + +
4 L-arginine ++.± + ++
L-lysine + + + ++
5 DL-valine ± ± + ++
L-isoleucine ++ + + +
L-leucine ++ ± + ++
Fig. 1. Effect of different groups of amino acids on growth of
M. luteus K15 in Basal Nediuin-2 (BM-2) with vitamin
mixture.
Fig. 2. Effect of different groups of amino acids on growth of
M. morrhuae k17 in Basal Medium-2(BM-2) without, vitarnin
mixture.
Fig. 3. Effect of different groups of amino acids on growth of
M. luteus K25 in Basal Medium-.2 (BIM -2) with vitamin
mixture.
Fig. 4. Effect of different groups of amino acids on growth of
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Table 13. Obligate requirements of vitamins by the four strains
M. varians var.














Fig. 5. Utilization of amino acids as nitrogen and carbon source
by M. morrhuae K17 in Basal medium2(BM.2)
Fig. 6. Utilization of amino acids as nitrogen and carbon source
by M. varians var. halophilus in Basal Nedilum-2 (BM-2).
Fig. 7. Utilization of amino acids as nitrogen source. by M. morrhilae
K17 in Basal Medium-2 (BM,-2) containing carbon source.
Fig. 8. Utilization of amino acids as nitrogen source by M. varians


















































































































Fig. 9 and 10. Utilization of organic compound as carbon source
by M. luteus K15
Fig 11 and 12. Utilization of organic compounds as carbon source
by M. morrhuae K17.
Fig. 13 and 14 Utilization of organic compounds as carbon source
by M. luteus K25.
Fig. 15 and 16. Utilization of organic compounds as carbon source
by M. varians var. halophilus.
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MgSO4 .7H20 0.05 M
0.05 M1 M Tris pH 7.5





Distilled water 1000 ml



















MgSO4. 7H20 0.05 M
1 M Tris pH 7.5 0.05 M




Distilled water 1000 ml
Vitamins: 2 0 mg/1000 ml except biotin & folic acid
biotin 0.2 m/1000 ml
ch of in e -H Cl
ascorbic acid
nicotinic acid














0.05 M1 M Tr i s pH 7.5
FeSO4.7H20 0.001
K2HPO4. 3H20 0.033 N
NH4C1 0.019 H
Maltose 2.0 gm
Distilled water 1000 Ml
Amino acids: 200 mg for each
Group 1 Group 3
L-alanine L-aspar tic acid





































Distilled water 1000 ml














Fig. 17. Absorption spectra of the major pigments of M. morrhuae
k17
Fig. 18. Absorption spectra of the major pigments of M. varians
var. halophilus.
Fig. 19. Nutritional effect on pigment production in M. morrbuae k17.
19a. Colonies on 1% yeast extract agar.
19b. Colonies on BM-2 + 0.1% yeast extract agar.
19c. Colonies on BM-2 + amino acid mixture + vitamin mixture agar.
19d. Colonies on BM-2 + amino acid mixture + vitamin mixture
(without cobalamine) agar.
19e. Colonies on BM-2 + amino acid mixture agar.
19f. Colonies on BM-2 + vitamin mixture agar.
19g. Colonies on BM-2 + biotin agar.
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Fig. 20-23. Maximal growth of M, luteus k15 at various salinities
and temperatures.
Fig.20 in 1% peptone broth
Fig. 21 in Basal Medium-2 (BM-2) with 0.1% yeast extract.
Fig. 22 in Defined Medium-1 (DM-1)
Fig. 23 in 1% yeast extract + 1% casamino acids medium.
Fig. 24-25 Growth curves of M. luteus K15 in Dfined Medium-1
(DM-1) at various salinities and temperatures.
Fig. 26-27 Growth curves of M. luteus k15 in 1% yeast extract +1%
casamino acids medium at various salinities and
temperatures.
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Table 18. Quantitative determination of nutritional effect on pigment production
in M. morrhuae K17
1% yeast BM-2+
extract A.A. mixture+ BM-2+ BM-2+ BM-2+ BM-2+
broth vitamin mixture A.A. mixture Gp. 1 A.A. Gp. 2 A.A. Gp. 4 A.A.
Optical density
of culture a 0.824 0.577 0.493 0.447 0.438 0.398




peak 485 0.688 0.487 0.042 0.023 0.019 0.019
peak 465 0.745 0.415 0.039 0.020 0.009 0.009




peak 485 315.69 235.66 23.51 13.67 12.41 25.03
peak 465 356,54 223.20 22.81 12.40 5.940 6.130
peak 316 810.36 693.29 60.25 48.36 24.27 25.06
a: O.D. at 6-fold dilution of each culture at 650 nm
b: dry weight of 200 ml culture
A.A.: amino acid
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Table 19. Quantitative determination of nutritional effect
on pigment production in M. varians var. halophilus
BNi-2+1% yeast
extract A.A. mixture+ BM-2+
broth vitamin mixture A.A. mixture
Optical density
a
of culture 0.72 0.678 0.149
b




peak 0.155 0.137 0.018472
0.140 0.145 0.046peak 443







80.49 90.89 94.66peak 443
13.0272.0172.76peak 420
135.88 146.29 151.44peak 313
a: 0. D. at b-fold dilution of each culture at 650 nfr


































































































































































































Fig. 28-31 Maximum growth of M. morrhuae K17 at various salinities
and temperatures.
Fig. 28 in 1% peptone broth
Fig. 29 in Basal Medium -2 (BM-2) with 0,1% yeast extract.
Fig. 30 in Defined Medium-2 (DM.2)
Fig. 31 in 1% yeast extract+ 1% casaliiino acid
medium.
Fig. 32-33 Growth curves of M. morrhuae K17 in DM2 at various salinities
and temperatures.
Fig. 34-35 Growth curves of M. morrhuae in K17 in 1% yeast
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Fig. 36-39 Maximal growth of M. luteus K25 at various salinities
and temperatures.
Fig. 36 in 1% peptone medium.
Fig. 37 in Basal Medium-2 (BM-2) with 0.1% yeast
extract.
Fig. 38 in Defined Medium-3 (BM-3)
Fig 39 in 1% yeast extract + l% casamino acids medium.
Fig. 40-41 Growth curvos of M. lutcus K25 in DM-3. (Defined Medium-3)
at various salinities and temperatures.
Fig. 42-43 Growth curves of M. luteus K25 in 1% yeast extract +
































































































































































































Fig.44-47 Maximal growth of M.varians var. halophilus at
various salinities and temperatures.
Fig.44 in 1% peptone medium
Fig.45 in Basal Medium-2 (BM-2) with 0.1% yeast extract.
Fig.46 in Defined Medium-4 (DM-4)
Fig.47 in 1% yeast extract+ 1% casamino acids medium.
48-50 Growth curves of M.varians var. halophilus in Defined
Medium-4 (DM-4) at various salinities and temoeratures.
51-53 Growth curves of M.varians var. halophilus in 1% yeast
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Table 20. Effects of salinity and temperature interactions
on intracellular potassium concentrations in
M. morrhuae K17
Molar Na+ in
medium25°C 0.1 0.2 0.3 0.5o.4
Intracellular K+ (mg) 11.70 12.89 10.76 11.78 10.52
Dry weight (gm) o.8o5o o.6181 0.3977 0.390 0.3462
Intracellular K+ (mg)
20.85 27.0514.53 30.20 30.38per gm of dry cell
Molar N a+ in
medium
0.1 0.30.2 0.4 0.530°C
8.78 8.96 10.76Intracellular K+ (mg) 12.72 12.14
G. -x-0090.39 0.3866 0.1+1Q. 39 (iDry weight(gm)
Intracellular K+ (mg)




0.1 0.2 0.3 o.4 0.5
4.07 4.90 6.63 6.82Intracellular K+ (mg) 5.82
0.2007 0.1998 0.19 0.2376 0.230Dry weight (gm)
Intracellular K+ (mg)
20.27 24.52 29.90 29.5 430.63per gm of dry cell
Notes: 1). Intracellular K+ (mg) were obtained with the ash of
100 ml cell culture.
2). Dry weight were obtained by using of 100 ml cell culture
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T able 2 1 . E ffects of salinity and temperatureint ractions
on intracellular potassium concentration in
M . varians var . halophilus
M olarN a + in
medium2 5 °C 4 . 02 . 00 . 5 1 . 0 3 . 0
2 4 . 1 62 2 . 5 4 2 3 . 0 44 8 . 4 1I ntracellularK + ( mg ) 5 6 . 7 6
0 . 2 2 7D ry weight( gm ) 0 . 4 5 0 3 0 . 2 2 0 00 . 5 1 9 5 0 . 1 8 4 6
I ntracellularK ( mg ) 1 0 7 . 4 81 0 9 . 2 5 1 0 4 . 7 2 1 3 0 . 8 79 9 . 2 9
per gm of dry cell
M olarN a + in
medium 2 . 00 . 5 1 . 0 4 . 03 0 °C 3 . 0
2 4 . 6 14 6 . 9 6 6 2 . 8 3I ntracellularK t ( mg ) 5 0 . 7 8 7 9 . 1 7
0 . 4 4 2 3 0 . 8 5 3 9 0 . 4 7 9 1 0 . 1 8 3 1 0 . 5 1 0 0D ry weight( gm )
I ntracellularK + ( mg )
1 1 4 . 8 0 1 3 4 . 7 2 1 2 3 . 1 99 9 . 7 09 2 . 7 1per gm of dry cell
M olarN a + in
med ium 2 . 0 4 . 00 . 5 1 . 0 3 . 03 5 °C
8 1 . 0 9 1 2 5 . 5 8 1 4 5 . 9 1 1 3 6 . 6 0I ntracellularK + ( mg ) 5 3 . 2 7
0 . 6 7 9 9 1 . 1 8 1 0 1 . 2 0 0 1 0 . 3 7 6 7l . 0 6 0 0D ry weight( gm )
I ntracellularK + ( mg )
1 1 9 . 2 6 1 0 6 . 3 3 1 2 1 . 5 9 1 2 8 . 8 6 1 4 1 . 4 1per gm of dry cell
N otes : 1 ) . I ntracellularK + ( mg ) were obtainedwith the ash of
1 0 0 ml cell culture.
2 ) . D ry weightwere obtainedby using of 1 0 0 ml cell culture.
Fig. 58 Sparing effect of K+ for Na+in M. varians var. halophilus
grown at 25 and 35.
Fig.59 Sparing effect of Li+ for Na+ in M. varians var. halophilus
grown at 25 and 35.
Fig.60 Sparing effect of Ca+ for Na+ in M. varians var. halophilus
grown at 25 and 35.
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Fig. 61, 62 and 63 Effects of salinity and temperature interaction
on protein synthesis (upper figures) and
amino acid uptake (lower figures) in M. varians




THE CHARACTERISTICS OF THE
LABOUR FORCE
Introduction
Apart from studying the economic environment and demographic
data relating to the labour force, the sociological aspects are also
studied as well.
In this chapter, an attempt will be made to present the trade
unionism of Hong Kong its current situation, its unique features
and obstacles to its growth and probable future development. Also a
brief account of the mobility of the workforce will be discussed.
Trade Unionism
Evaluation of trade unionism in Hong Kong since the end of the
civil war in China in 1949 has been greatly influenced by two factors:
the state of the labour market, and the changing structure of the
economy and the labour force.
An ample supply of unskilled labour in the market during the
earlier years of industrialization in the 1950s could not make trade
unions an effective economic insturment. A tight labour market since
1960 should have undoubtedly increased the bargaining power of the
existing unions, but such power was not duly utilized owing to the
fact that a majority of the workers were unorganized. In addition,
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a). Growth Factor Requirements.
b). Utilization of Amino Acids as Nitrogen and Carbon
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1. Nutritional Studies on the Bacterial Strains
Since M. morrhuae K17, M. luteus K15 and K25 were originally
isolated from marine environment, and M. varians var halophilus
from soy sauce mash, it is expected that media containing basically
a number of major inorganic ions which was similar to the chemical
composition of sea water plus certain growth factors. and suitable
carbon source could support the growth of these strains. The
components of yeast extract in BM-1 are substituted by the vitamin
mixtures in BM-2 in order to form a basis for the development of
chemically defined medium for each strain.
a). Growth factor requirements
Farrior and Kloos (1975) reported that many species of
Micrococcus showed distinct variations on requirements for amino
acids and vitamins which could be used as one of the taxonomic
parameters for the distinction between these species. In studying
the nutritional requirements of M. varians isolated from human skin,
Farrior and Kloos (1975) found that many strains of M. varians had
nonspecific amino acid requirements. Several amino acids such as
methionine, glycine, threonine and tryptophan can apparently serve
as organic nitrogen sources for these strains however, some strains
specifically require methioninee. Vitamin requirements of these
strains included thiamine, niacin, or pantothenic acid (Farrior and
Kloos, 1975). Results obtained from the present study indicate that
the presence of vitamin mixture alone would support good growth as
well as maximal pigment production of M. varians var. halhilus.
On the other hand, only when the vitamins are omitted in the defined
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medium, the requirements of methionine, alanine and proline for
slightly leaky growth can be observed. Apparently, these amino
acid would support limited growth of this strain. That is probably
why a large number of amino acids are incorporated into the synthetic
medium of Kamekura and Onishi (1976) for the growth of this strain.
In this synthetic medium, because of the absence of inorganic nitrogen
source, high concentrations of this mixture of amino acids enable
them to serve as nitrogen source rather than fulfill a strict require-
ment for amino acids. Although no amino acid is incorporated into,
DM-4, all the vitamins are added as a mixture which support excellent
growth. However, in the synthetic medium of Kamekura and Onishi
(1976). Only four vitamins are used. It has been reported that
the presence of amino acid mixture greatly enhance the growth of
certain bacteria supported by vitamins alone (Morris, 1962 Cooney
and Thi'erry, 1966).
There seems the requirements for amino acids are different
in extreme and moderate halophiles. For example, lysine, which is
required-by all the extreme halophiles, is not required by M. varians
var. halophilus (Dundas et al., 1963; Brown, 1976; Kamekura and
Onishi, 1976). The extreme halophiles generally do not metabolize
carbohydrates; protein and amino acids seem to be the carbon sources
most readily utilized by them (Larsen, 1967). On the other hand,
compare with another moderate halophile M. halobius, both this
bacterial species and M. varians var. halophilus require thiamine
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and biotin. But the amino acid requirement of the former is still
unknown (Onishi and Kamekura, 1972).
In a study on twenty-nine strains of M. luteus collected
from soil, sand. and water and forty three strains from human skin,
it has reported that some of the strains require serine or glycine
and the others require phenylalanine, tyrosine or trytophan (Streby-
Andrews and Kloos, 1971). Results from the present study reveal
that M. luteus K15 requires glycine, methionine, phenylalanine,
threonine and valine M. luteus K25 requires aspartic acid, proline,
arginine, valine and leucine. Thus, no generalization on amino
acid requirements can be defined for M. luteus. As for vitamin
requirement, M. luteus K15 requires only xanthine and M. luteus
K25 requires ascorbic acid, pantothenate and xanthine. However,
growth of.these two strains in the defined media are not as good
as those in media supplemented with yeast extract or peptone which
indicates the nutritional requirements of these two strains are
quite complicated and the defined media used in the present study
seem to fulfill partially the growth factors requirements of these
two strains.
Among the four chemically defined media, best growth is
obtained with M. morrhuae K17 growing in DM-2. The growth factor
requirements of this strain is relatively simple and this strain
requires a number of-vitamin for optimum growth and pigment product-
ion. This strain does not obligately require any amino acid. The
nutritional- requirements of M. morrhuae K17 and N. varians var.
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halophilus appear to be quite similar. Certain amino acid can
support limited growth in both strains.
b). Utilization of amino acids as nitrogen and carbon sources
In a study on soil bacteria capable of growing on medium
with single amino acid as sole carbon and nitrogen source (Halvorson,
1972). It has been found that threonine, aspartic acid and glutamic
acid are able to support the growth of a greater diversity of
bacteria. Cysteine, cystine and tryptophan, on the other hand,
supported the growth of only a few species. It has 'also been found'
that Gram-negative organisms grow better under experimental conditions
than the Gram-positive organisms, with poorest growth noted among
the Gram-positive cocci (Halvorson, 1972). This indicates that
growth factors requirements of the cocci are much more complicated
than their counter. parts-
In the present study, it is found that utilization of single
amino acid as sole source of nitrogen and carbon by M. morrhuae K17
and M. varians var. halohilus is relatively limited as compared
with utilization of the amino acids only as nitrogen source. Both
strains show only limited growth in the former condition and reach
only half of the amounts of mazimal growth occurred in the later.
Glycine, serine, proline, glutamic acid or lysine at concentration
of 2 gm/1 can be utilized as nitrogen and carbon source by M. morrhuae
K17. Also histidine, aspartic acid, arginine, proline, valine and
leucine could serve as both nitrogen and carbon source for M. varians
var. hal22hilus. However, when the concBntration of each amino
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acid is lowered to 0.2 gm/l in a mixture, these amino acids would
not be able to serve as both carbon and nitrogen source for both
strains. Apparently, this low concentration of amino acid can
serve only as either a carbon or a nitrogen source but not both.
Results on utilization of singly amino acid as sole nitrogen source
reveal that almost all the amino acids tested can serve this purpose
to a certain degree. In M. morrhuae K17, glutami•c acid, glycine,
serine, proline, arginine, methionine or leucine at a concentration
of 0.2 gm/l are the most effective nitrogen source. Only aspartic
acid lacks the ability to support growth as nitrogen source. In
M. varians var. halophi.lus, all amino acids can be used as nitrogen
source. Among them, histidine, alanine, proline, giutami-c acid,
arginine, glycine and aspartic acid support excellent growth of this
strain. When concentration of the amino acids was reduced to 0.2
gm/l, limited growth still existed in both strains. These observat-
ions-indicate that the utilization of single amino acid as both
nitrogen and carbon source by both Micrococcus strains is rather
limited. Only when the prime carbon and energy source is supplied,
the utilization of single amino acid as sole nitrogen source by these
strains becomes much more effective. Since low concentration of
amino acid (0.2 gm/1) can not support growth in a medium lacking
other carbon or inorganic nitrogen sources,*Kamekura and Onishi (1976)
incorporated large numbers of amino acids at very high concentrations
into their synthetic medium used for cultivation of M. varians var.
halophilus. In this study, defined medium-4 (DM-4) developed for
M. varians var. halophilus contains much lower concentration of amino
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acids as compared with the synthetic medium of Kamekura and Onishi
(1976) since there is the already presence of suitable carbon and
nitrogen sources.
It has been known that M. morrhuae K17 and M. varians var.
halophilus come from two different nutritional environments one
from seawater and the another from soy sauce mash, respectively.
It is reasonable to assume that the amounts and types of extra-
cellular growth factors available to these two strains differ greatly
in this two ecological riches. However, it is conceivable that the
mechanism and efficiency in utilizing these amino acids as carbon
and/or nitrogen source are quite similar in both strains.
c). Utilization of organic compounds as carbon source
Results obtained from experiments on utilization of organic
compounds as carbon source suggest that M. luteus K15 is nutritionally
rather liited.since only few compounds can be utilized by this
strain. buch.case is similar to M. luteus K25. On the contrary, M.
morrhuae K17 and M. varians var. halohilus are nutritionally versatile,
Lots of the compounds tested can be utilized by these two species
as carbon and energy source.
From the nutritional standpoint, the four Micrococcus strains
used in the present study can be divided. into two groups. M. morrhuae
K17 and M. varians var. halo hilus belong to one group which is
nutritional versatile and can utilize a large number of organic
compound also these two do not require amino acids but requires
146
vitamins for optimal growth. On the other hand, N. luteus K15 and
K25 form another group which can only utilize a limited number of
organic compounds in addition, they require both amino acids and
vitamins for optimal growth.
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2. Nutritional Effects on Pigment Production
The methods for quantitative determination of carotenoid in.
plants have developed for more than twenty years (Blessin, 1962; Good-
win, 1976), but none has been developed specifically for measuring
quantities of carotenoids in bacteria. Katznelson and White (1950)
were the first who reported the nutritional requirements of bacteria
were related to p yment production in addition to growth. By replac-
ing the vitamin-free casein hydrolyzate with 19 amino acids, they were
able to identify several amino acids including alanine, asparagine,
proline, or glutamic acid as the best source of nitrogen for both
growth and pigment production of Pseudomonas nigrifacteus in a syn-
thetic Medium containing Sodium chloride inorganic salts, and glycerol.
In addition, Na, K, Mg, S, P, and Cl or Br were also essential for both
growth and pigmentation of this bacterium. Usually, larger amounts
of these elements were being required for the synthesis of pigments than
just for supporting growth. Burton et al. (1948) also reported the
mineral requirements for pigment production by Pseudomonas aeruginosa.
Later, Cooney and Thierry (1966) reported the effects of some carbon
and nitrogen sources on pigment synthesis of M. roseus in a synthetic
medium containing no vitamin at all. Recently, Taylor and Davis (1976)
also reported that the concentrations of, glucose in a complex medium
affected the degree of chromogenesis in Streptococcus faecium UNH 564P.
Similar findings have also been reported in the halophilic H. halobium
and H. salinarium (Tomlinson and Hochstein, 1976). In M. varians var.
halophilus growth rather than p ment production is affected by
nutritional factors.
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The present study reports for the first time the effect of
vitamins on pigment production of bacteria. Observations made in
the present study :indicate that the vitamin mixture alone stimulates
and enhances pigments production in M. morrhuae K17 grown in chemically
defined medium. It has also confirmed that the quantity of pigments
produced by cells growing in this defined medium is similar to those
grown in 1% yeast extract broth. When the vitamin mixture is omitted.
The color of the colonies growing on agar surface changes from red-
orange to light pink which implies a change in the quality as well as,
quantity of the pigments. When only individual vitamin is present in
the defined medium, both growth and pigment production are greatly
inhibited. Although quantitative experiments have not been carried
out, it is conceivable that the pigments extracted from cells of M.
morrhuae K17 contain a large number of carotene pigments of which some
may be similar or identical to those isolated from M. roseus (Cooney
et al., 1966; Ungers and Cooney, 1968; Schwartzel and Cooney, 1974).
It is suggested that the major pigment of M. roseus is a diketo
derivative of B-carotene called canthaxanthin (4,4'-diketo-B-
carotene). This pigment represents 85% of the pigment recovered from
extracts. In M. morrhuae K17, the incorporation into BM-1-2 is maltose,
cellobiose, sucrose, fructose, arabinose, mannitol, mannose, galactose
or glucose as sole source of carbon enable the production of very light
orange-red pigment even when the vitamin mixture is omitted. This
means suitable carbon source can also stimulate pigment production in
M. morrhuae K17. The effect of vitamins on pigment production can
only be observed when certain carbon sources other than those mentioned
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above used in the medium. Although the mechanism of the effect of
vitamins on pigment production has not been investigated, it is con-
ceivable that these vitamins are required as enzyme co-factors
necessary for the biosynthetic pathways of pigment production in M.
morrhuae K17.
3. Effects of Salinity and Temperature on Growth of the Bacterial Strains
Best growth of a moderately halophilic M. halobius has been
obtained in nutrient broth containing 1 or 2 M Na at 30°C (Onishi and
Kamekura, 1972). Under this growth condition, maximal yield is obtain-
ed after 2 to 3 days of incubations. Growth is found to be fairly
good with 3 M NaC1 and moderate growth is observed in 4 M NaCl after
a lag of 2 to 3 days. However, growth does not occur in media lacking
NaC1 even after 7 days (Onishi and Kamekura, 1972) In trypticase soy
broth, growth of the moderately halophile Vibrio costicola occurs in
media containing 0.4-3.5 M NaCl at 30°C. Maximal growth can be obtain-
ed after 40 hr of incubation (Forsyth and Kushner, 1970). The influence
of temperature and salt concentration on growth of a facultatively
halophilic Micrococcus sp. H5 has been studied in a medium containing
proteose-peptone and tryptone (Novitsky and Knohner, 1974). At 25°C,
good growth occurs in 0.1 M NaCl and best growth at this NaCl concentrat-
ion occurs at 20°C. At 35°C only slight growth is obtained in medium
with 0.5 M NaCl and growth does not occur NaCl. In fact, at 20°C
growth occurs after 18 days of incubation even if no NaCl is added.
Slight growth occurs in saturated NaCl (5.5 M) after 21 days at 35°C.
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An extremely halophile, Halobacterium halobium, has been
found of capable to grow in 25% but not 20% NaCl-containing medium at
45°C (Ingram, 1957). When the incubation temperature is lowered to
37°C, this organism could not grow in as low as 15% NaCl, with the
best growth in this concentration occurring at 25°C (Ingram, 1957).
Growth of the moderately halophilic M. varians var. halophilis
in Sehgal and Gibbons complex medium (SGC) and in nutrient broth has
been studied at 30°C (Kamekura and Onishi, 1974). Rapid growth is
obtained in these two media in.the presence of 1, 2, and 3 M added
NaCl. Maximal population densities are reached within 2 to 4 days.
Addition of 4 M NaCl is found to be slightly suppressive to growth. A
5 day-lag phase is observed on nutrient broth withoug added NaCl,
whereas only a 1-day lag phase is needed for growth in SGC. So far
none of the studies on the effects of salinity and temperature inter-
action on growth of moderately halophilic bacteria have been carried
out in synthetic media as reported in the present study.
Among the four media tested for the effects of salinity and
temperature on growth, growth of M. luteus K15 occurs in BM-2 with 0.1%
yeast extract and in 1% yeast extract + 1% casamino acid medium with
0 M Na+ at all three tested temperatures. It means the presence of
contaminated Na+ and vitamin in yeast extract is sufficient to satisfy
the Na+ requirement of M. luteus K15. No growth or only very limited
growth in DM-l with added Na+ indicated the obligate halophilic nature
of this strain. In 1% peptone broth which supplies mainly peptides
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and amino acids limits the growth of this strain. In such case, the
lower the incubation temperature, the better the growth. In the other
media, 30°C is generally optinum for M. luteus K15. However, for the
enriched medium, 1% yeast extract+ 1% casamino acids medium, 35°C
can supports maximum growth at low Na+ concentrations. In M. luteus
K15, shift of salinity range is not observed as temperature increases.
M. luteus K15 can grow at 0 to 2.5 M NaCl in three media tested, and
maximal growth occurs at 0 to 2 M NaCl. Since best growth is obtained
in complex media having a NaCl concentration up to 2 M, and in chemioal-
ly defined medium only with the presence of Na+, M. luteus K15 can be
designated as an obligate, moderate halophile.
Growth curves of M. luteus K15 in defined medium-1 (DM-1) and
in 1% yeast extract + 1% casamino acid medium reveal the different
effects of salinity and temperature interaction in these media. In
DM-l, suboptimum Na+ concentrations, 0 to 0.2 M NaCl, the higher the
temperature the less growth occurs. At optimum Na+ concentration,
0.5 M to 1 M NaCl growth at 35°C becomes similar to that at 25°C.
At high Na+ concentrations, 1.5 to 2 M NaCl higher incubation temperat-
ure (35°C) seems to reduce growth. On the other hand, enriched medium
such as 1% yeast extract + 1% casamino acids medium, the promoting
effect of 35°C on growth are observed from 0 to 2 M NaCl. Therefore,
in M. luteus K15, the salinity range is generally not affected by the
temperature. In addition, no shift or no enlargement of the salinity
range occurs. However, there exists the effect of temperature on
optimum salinity range in this organism.
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The growth characteristics of M. luteus K25 is similar to
M. luteus K15. Thus M. luteus K25 can also be designated as an obligate
moderate halopliile.
M. morrhuae K17 can be designated as a halotolerant bacterium
because of its growth responses to the absence and presence of Na+ in
the media. The salinity from 0 to 1.5 M NaC1 increase in Na+ concentrat-
ions greatly inhibits the growth of this organism. It is evident that
35°C has a promoting effect on growth as an optimal growth temperature
at low Na+ concentrations. However, this temperature cannot protect
the organisms from the inhibitory effect existed by high concentration
of sodium.
Among all four bacteria studied, M. varians var. halophilus is
the only one strain of which no growth occurs at 30°C and 35°C in DM-4
lacking. Na+. However, growth occurs in media lacking Na+ at 25°C with
a long lag. Therefore, at 30°C and 35°C this organism is a moderate
halophile and at 25°C, it can be defined as a facultative halophile.
Higher incubation temperatures (30°C and 35°C) increase the minimal
Na+ requirement of this organism in addition to promoting growth. The
optimal salinity range for growth of this strain is also enlarged as
incubation temperature is increased. It can be concluded that salinity
ranges of M. morrhuae K17 and M. luteus K15 and K25 are not affected
by temperature while increase in incubation temperature causes a
shift as well as the enlargement of the range for growth of M. varians
var. halophilus.
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4. Ionic Sparing Effects
In studies on the ionic sparing effect, it was found that
the minimal NaCl concentration required for growth by marine Vibrio
parahaemol ticus was 0.003 M (Moriahita, 1974). The differences in
growth response to KC1 and LiCl was significant compared with that
grown in medium containing Na+, but such differences were not detect-
ed as the NaCl concentration was increased to 0.005 M (Morishita,
1974; Morishita and Takada, 1976). When relatively low concentrations
of Li+, K+ or Rb+ were present with Na+ in the medium, Li+ was found
to be more effective than other cations in permitting good growth at
low concentrations of NaCl. Lithium which in some physical properties
more closely resembles Na+ than K+, had some sparing effect on growth,
but was not required for growth (Morishita and Takada, 1976). Growth
of the moderately halophilic Vibrio costicolus can be obtained without
adding any sodium chloried to the medium of a sufficient amount of
any one of a number of salts (magnesium chloride, potassium chloride,
lithium chloride, sodium sulfate, sodium molybdate, sodium bromide,
and sodium phosphate) were added to the medium (Flannery, 1956).
Robinson (1950) also reported that other salts can substitute sodium
chloride in this species but the substitution was not possible in
Micrococcus halodenificans. Christian (1956) and Morishita and
Takada (1976) were able to demonstrate a specific requirement of
0.017 M Na+ and a non-specific requirement of 0.4 M Na+ by Vibrio
costicola.
Results from the present study reveal that ionic sparing
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effects can be demonstrated in a moderate halophilic M. varians
var. halophilus. It seems K+ but not Li+ and Cs+ can substitute
Na+ and promote growth of this bacterium at 25°C with the presence
of low concentration of NaCl at 0.02 M. Lithium can only partially
substitute for Na+ at 1.4 M for optimal growth, but growth is great-
ly inhibited as the Na+ concentration is decreased to 1 M NaCl and
Li+ concentration increased to 0.52 M. Cesium shoves the least
ability to substitute Na+ for supporting growth of this organism.
The efficiency of the sparing effects of the ions tested is thus
in an order of K+>Li+>Cs+, which is different from those previously
reported for marine bacteria, Li+>K+>Cs+ (MacLeod, 1965) and for
marine Vibrio marinus (Stanley and Morita, 1968). In the latter, the
addition of NaCl or LiCl to a medium with a salinity of 1.8% permits
growth to take place over the temperature range expected in normal
seawater (Stanley and Morita, 1968). The high effeciency of K+
may be reflected by the requirement of high K+ contents in halophilic
bacteria (Bayley and Kushner, 1964; Bayley and Griffiths, 1968).
It seems the optimal growth temperature of 35°C can compensate
the effect of sodium deficiency and enhance the sparing effect of
Li+ and Cs+ but not K+. Although optimal temperature can vary the
minimal Na+ concentration required f growth and the efficiency
of sparing effect of other ions for Na+. The mechanism of the
effect is still unknown.
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5. Effects of Salinity and Temperature on Intracellular Potassium
Concentration
The inwardly directed K+ gradients and outwardly directed
Na+ gradients have been reported in many bacteria (Christian and
W'al tho, 1962 Ginzburg et al., 1970; Lanyi and Silverman, 1972).
The internal space generally decreases in stationary phase cells
and in medium with high levels NaCl. Assuming intracellular ions
are in free solution, the internal Na+ is always lower than. the
outside. medium while K+ is concentrated inside the cells. Matheson
et al (1976) have studied the effects of extracellular salts on
intracellular ionic contents of an unidentified facultative halo-
phile and an extreme halophile, the H. cutirubrum. It was found that
internal K+ gradients remained fairly constant with growth phase
but were highest in medium with the high NaCl concentrations in the
facultative halophile. Internal K+ concentration in the extreme
halophiles varies a great deal depending, in part, on conditions of
growth. The extreme halophiles, H. cutirubrum shows a K+ gradient
which is 10 times larger than that in the unidentified facultative
halophile; the intracellular K+ concentration is 498 ug ion/mg
protein at high level off in the former Na+; whereas the intra-
cellular K+ is 60 ug ion/mg protein in the latter (Matheson et al.,
1976).
In a study on the moderately halophilic bacterium, Vibrio
costicola, Shindler et al. (1977) pointed out that this actively
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metabolizing bacterial species could keep a 75- to 100- fold con-
centration gradient of K+ with respect to the medium. In the
medium containing 0.003 M K+ as molar NaCl is increased from 0.8 M
to 1.3 M, the cell-associated cations are increased from 0.39 M to
1.02 M (Shindler et al., 1977).
In another extreme halophile, H. halobium, the intracellular
K+ concentration has been found. in 10 to 20 times greater than those
in non-halophilic bacteria (Gochnauer and Kushner, 1969). Growth
is more abundant as the medium is enriched with K+ from 76.5ug/ml.
to 1.1 mg/mi. Living cells are found to bound very large amount of
K+. After growth stopped, the cells contained about 0.4 gin K+ per
gram protein which is approximately 30% of the cell's dry weight.
Potassium is released when cells in culture die (Gochnauer and
Kushner, 1569).
In another extreme halophile, H. salinarium, the intracellular
concentration of KC1 reaches a value of 4.57 M which is close to the so-
lubility limit of.this salt in a medium containing 4 N NaCl and 0.32
M KC1 (Christian and Waltho, 1962).
It has been reported that when NaCl level in the medium reach-
es 1.38 mM which is close to the optimum Na+ concentration for
growth, the Na level in cells of marine bacteria and in the medium
is approximately the same. At a NaCl concentration of 4.19 mM which
is approximately the level of Na+ in seawater, there is less Na+ in
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the cells than in the medium. The corresponding K+ ratios show
that in all cases K+ is at a higher concentration in the cells
than in the medium and as the Na+ level in the medium is increased
to the level of Na+ in seawater, the internal K+ concentration also
increases (MacLeod and Onofrey, 1957). It is evident that in
bacteria like Bacillus subtilis and Aerobacter aerogenes, the high
intracellular potassium content fulfills the potassium requirement
for macromolecular synthesis during growth (Lubin, 1964. Dicks and
Tempert, 1966 Eisenstadt, 1972). The extreme halophiles also
require high levels of potassium ribosomal stability and protein
synthesis (Bayley and Kushner, 1964 Bayley and Giffiths, 1968).
In the present study, it seems that there is no proportional co-
relation between K+ concentration and salinity-temperature inter-
.action on protein synthesis in M. varians var, halophi1iu.s. How-
ever, as the potassium content in the medium is constantly main-
tained at 0.01 M, cell-bound potassium in M. varians var. halophilus
grown at various salinities and temperature maintains a high
concentration from 5- to 10- folds greater than those of M. morrhuae
K17. On the other hand, the existence of a non-obvious trend that
the potassium content increases proportionally with the increase of
salinity in the medium has been observed. It can be concluded from
results obtained from this study .that the potassium contents of
M. morrhuae K17 are similar to those of marine and non-marine
bacteria (MacLeod and Onofrey, 1957 Tempest et al., 1966 Kung
et al., 1975). The potassium content of the moderate halophile,
M. varians var. ha122hilus, is relatively low as compared with
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those of still another moderate halophile, Vibrio costicola
(Shindler et al., 1977) and much lower than those of some extreme
halophiles that have been studied (Christian and Walths, 1962).
It seems that for higher intracellular K+ contents are maintained
at their optimum. salinity and temperature for growth. However,
at the highest salinities tested which are not optimum for growth,
the intracellular K+ contents are still high in M. varians var.
halophilus whereas at extremely low Na+ level (0 M Na) grown at
°
25 C, level of intracellular K+ of the cells is the lowest.
6. Effects of Salinity and Temperature on Proline Uptake and
Protein Synthesis
Uptake of single (14C) amino acids at various salinities
into the cell of Pseudononas sp 1055-l grown at 35°C were examined
by Ishida et al. (1974). It was found that all amino acids in-
cluding glutamic acid, serine, proline, phenylalanine and valine,
were incorporated into the cells at 35°C and 20°C even at a salinity
of one-fourth strength of sea water at which this organism did not
grow at 35°C (Ishida et al., 1974). Uptake of 14C protein
hydrolysate was markedly influenced by temperature employed for
growth medium and the incubation temperature of the uptake exp-
eriment. Two minimum salinities for the uptake of 14C) protein
hydrolysate into the cells were observed when the cells were grown
at 35°C and 20 0 C. The first minimum salinities for uptake by the
cell grown at 35°C and 20°C. The first minimum salinities for
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uptake by the cell grown at 35°C and 20°C were at one-half and one--
eithth strengths of seawater respectively; the minimal salinities for
uptake corresponded reasonably well with those for growth at 35°C
and 20° C. The second minimal salinities for uptake at 35°C and
20°C were at the zero concentration (Ishida et al., 1974).
In Vibrio marinus, protein synthesis was similar at 20°C
and 21°C with a marked decrease occurred at 22°C at a salinity of
25% (Morita et al., 1976). Precursor uptake by whole cells con,
tinued after protein synthesis had decreased. However, this marked
decrease in protein synthesis at 22°C was not observed at a salinity
of 30%. Instead there occurred a gradual decrease in protein
synthesis with increasing incubation temperature (Cooper and Morita,
1970). Ata salinity of 35%, no decrease in protein synthesis was
seen until after 20 min incubation at 24°C (Cooper and Morita, 1972
Morita et al., 1976). In an extreme halophile, Brevibacterium sp.
185, although its viability was largely lost at 37°C in concentrat-
ions of NaCl below 10%, the ability to take up [14C] glutamic acid
was retained (Ishida et al., 1974). The optimum and minimum con-
centrations of NaCl for glutamate uptake increased in cells grown
at higher temperatures,(Ishida et al., 1974). Similarly, in a
moderately halophilic Flavobacterium sp. 126, the minimum con-
centration of NaCl required for the uptake of glutamic acid increased
as the temperature at which the cells were grown was increased
(Ishida et al., 1974). The temperature at which the uptake was
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observed did not affect the minimum and optimum salinities for
uptake of the substrate (Ishida et al., 1974).
The mechariibm of translation seems to be the same in
extreme halophilic and in nonhalophilic bacteria. The main difference
is the concentration of salts that the translation machinery re-
quires for activity (Bayley, 1971). However, as the temperature
factor is applied, the mechanism of the observed increases in the
minimum and optimum salinities possibly resulting from increased
incubation temperatures is related to changes in the properties of
the cell membranes which influence the uptake of substrates (Ishida
et al., 1974). this seems particularly true of the moderate halo-
phile Flavobacterium sp. 126. However, conflicting behavior had
been observed for the marine bacterium Pseudomonas sp. 1055-1, the
optimum salinity for the uptake of the amino acids which supported
growth of this organism were not influenced by either the temperature
of growth or by the temperature at which the substrate uptake was
observed. However, this is not true for another marine bacterium,
V' brio marinus in which protein synthesis and precursor uptake are
reportdd to be influenced by both the salinity and the growth temp-
erature (Morita et al., 1976).
Results of the present study indicate that the effect of
temperature on protein synthesis at the lowest and highest salinities
are not as significant on the salinities for optimum growth. At 25°C,
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incorporation of[14C] -proline into protein at 0 M and 4 M Na+
are very low. Also at this growth, temperature the precursor
uptake decreases before protein synthesis drops off. However, such
phenomenon is not detected at 35°C. At NaCl concentrations support-
ing optimum growth (1 M, 2 M and 3 M), protein synthesis and pre-
cursor uptake increase as temperature increases. This observation
implies that there is no shift in the minimal salinity required for
protein synthesis at the higher optimal temperature although protein
synthesis would be stimulated at this temperature. Amino acid uptake
as well as protein synthesis at the suboptimal salinities (0 N & 4 M)
and temperature (25°C) are significantly inhibited.
Proline uptake and protein synthesis are most favorable at
°.
the optitilai salinities (1 and 2 M Na+) and temiperature. (35 C).
These optimal conditions correspond to the optimal salinity and
temperature for optimal growth of this strain. Rates of proline
uptake by cells growing in media with 1 M, 2 M and 3 M NaCl. are
similar at 25°C and 35°C. however, rate of protein synthesis is
much higher at 35°C than at 25°C at all salinities tested.
VI. SUMMARY
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1. The four Micrococcus strains studied can be divided into
two nutritional groups. M. morrhuae K17 and M. varians
var. halophilus belong to one group which is nutritional
versatile. M. luteus K15 and K25 from another group which
is nutritionally limited.
2. Pigment production in M. morrhuae K17 is greatly affected
by the presence or absence of vitamins.
3. The salinity range of the four strains are affected by the
temperature and the medium used. The optimal salinity range
and optimal temperature for M. luteus K15, M. morrhuae K25,
M. morrhuae Kl7, and M. varians var. halo.Ehilus are 0.2 to
1 M at 30°C, 0.5 to 1.5 M at 30°C, 0 to 0.5 N at 25°C and
0.5 to 2 N NaCl at 35°C9 respectively. In M. morrhuae K17,
M. luteus K15 and K25, 35°C promotes growth at low Na+
concentrations. In M. varians var. halophilus, 35°C promotes
growth at high Na+ concentrations.
4. The efficiency of ionic sparing effect for Na+ in the moderate-
ly halophilic M. varians var. halophilus is K+>Li+>Cs+ which
is different from that of many marine bacteria which is
Li+>K+>Cs+.
5. The intracellular K+ contents in cells of the halotolerant
M. morrhuae K17 are much loV.er than those of the moderately
halophilic M. varians var. halophilus. It seems that intra-
cellular K+ contents-may be proportional to the concentrations
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of K+ required by these bacteria for growth.
6. Effects of salinity and temperature on proline uptake and
protein synthesis are well corelated with the requirements
for optimal growth with M. varians var. halophilus. The
effect of salinity is more significant in regard to proline
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